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The absolute identity of tubercle bacilli infecting mammalia has 
bee~ so generally assumed and the assumption used as a basis for the en- 
actment of sanitary measures having for their object the prevention of 
any transmission of tubercle bacilli from animals to man, that any one 
who would attempt to question this identity must be prepared to meet 
considerable scepticism. Taking a broad biological position, we have 
every reason to examine into the assumed identity of the bovine and 
the human bacillus, because both the human and the bovine species 
are victims of a tuberculosis, presumably transmitted in most cases 
from one individual to another of the same species, and because the 
adaptation of a highly parasitic organism to one of these species for 
centuries may possibly deprive it of much of its power to multiply in 
the other. Or the reverse may be true. The adaptation of the 
bovine bacillus to a larger, more vigorous organization may thereby 
render it more dangerous to man. Assumptions of this sort stimulate 
inquiry but do not furnish us with positive information. This can 
be gained only by most tedious investigation. 

In  1896 I presented to the Association of American Physicians* a 
comparative study of a bovine bacillus and a presumably human bacil- 
lus which had passed from a tuberculous subject to an animal pet 
(Nasua narica, ' Coati '). The differences which appeared during this 
work were so clear, both as regards morphological and biological char- 
aeters, that a further study was indicated. Imbued with the idea that 
in the minor, though constant, differences of closely related or appar- 
ently identical pathogenic bacteria many unexplained phenomena may 

* Trans. Assoc. Amer. Physicians, xi (1896), 75. 
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have their source, and that a comparative study of tubercle bacilli 
under as nearly the same conditions as can be maintained may lead to 
results of value to human pathology, I took up the subject anew. A 
consultation of the literature treating of the character of tubercle 
bacilli had impressed me with the carelessness shown by most writers 
subsequent to Koch, concerning the source of the cultures used by 
them. Papers written on methods of cultivating the presumably 
in, man bacillus were really devoted to the avian bacillus. Fisehel, a 
though drawing far-reaching conclusions on the relation of human to 
avian bacilli, makes no statement concerning his cultures save that 
they were "mammalian." 

There being, therefore, no information to be gathered from former 
publications, the task that presented itself was to study a number of 
human and bovine tubercle bacilli, and, if possible, tubercle bacilli 
from other mammalia, side by side, in order to determine whether con- 
stant differences, of whatever nature, could be demonstrated. Such 
differential characters might then be applied in studying different 
forms of human tuberculosis, especially those cases which are sup- 
posed to have been derived from animals, more particularly from 
cow's milk. 

The delay inseparable from the study of this disease has not per- 
mitted me to examine more than a limited number of cultures. In- 
eluding the two described in 1896, 7 sputum and 6 bovine cultures 
have been isolated and studied; also one animal culture presumably 
derived from sputum, one culture each from the horse, the cat and 
the pig. 

In Table I are given brief accounts of the subjects from which 
they were obtained. For the notes on the cases of phthisis I am 
indebted to a number of physicians who have very generously given 
their time in tracing the subsequent history. 

Fortschr. d. Med., x (1892), 908. See also my former article for further 
references. 
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Designation 
of culture. 

Spu tum I 

Spu tum I I  

Sputum III 

Spu t um  IV 

Beginning of 
artificial 

cu ~, tivation. 

Ju ly  20, 1896 

Nov. 21, 189( 

Feb. 15, 1897 

Feb. 16, 1897 

Source of 
culture.  

Peabody, 
Mass. 

New Bed- 
ford, Mass. 

Norwood, 
Mass. 

Melrose, 
Mass. 

HISTORY OF CASE. 

Spu tum discharged, June  24, 1896, by a 
young I r i sh  woman. Apex and upper  
lobe of left lung involved. Slight fever. 
Spu tum contains a considerable number  
of bacilli. Recovered and worked during 
summer.  Good health in the fall of 
1896, with gain in weight. Feb., 1898, 
in good health, works  daily. No cough, 
expectorat ion or other symptoms  of ill. 
ness. Over the formerly involved region 
, , the respiratory m u r m u r  much dimin- 
ished down to 3rd rib. Increased vocal 
resonance, increased f remi tus  and dull- 
ness on percuss ion."  Patient has moved 
f rom place to place. 

Spu tum containing many tubercle bacilli, 
discharged Oct., 1896, by a young man 
confined in prison about  one year. Ear- 
liest appearance of symptoms  not  accu- 
rately known. Slight cough noticed in 
Aug., 1896, bu t  no definite physical  signs 
at tha t  time. Grew steadily worse, so 
that  in November he was in bed, weak 
and emaciated and also suffering with 
diarrhoea. He died in March, 1897. 

S pu tum discharged, Jan. 12, 1897, by a man 
aged 45 years. Durat ion of disease about  
six montlis. Laryngeal tuberculos is  
chiefly. Difficulty in swal lowing and 
huskiness  of voice, which has been 
gradually increasing. Died Feb., 1897. 
The physician in charge had drawn off 
about  a litre of serum f rom thorax 4 or 
more years ago. Well thereafter  unti l  
fall of 1896. Apex of lungs sl ightly in- 
volved towards end of disease. Pat ient  
has traveled much in this country.  

S pu tum containing bu t  relatively few ba- 
cilli, discharged Jan. 7, 1897, by a female 
servant,  22 years old. Physician in 
charge saw her first Dec., 1896. She 
complained of hoarseness and cough 
which began about  6 months  ago. Signs 
of anaemia and cessation of menst rual  
flow. Placed in hospital ,  where she re- 
mained 8 weeks. At end of April  health 
quite re-established. A. subsequent  re- 
por t  ment ions her visit to Canada af ter  
her recovery and her re turn  to Massa- 
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TABLE I . - -Con t inued .  

Designation 
of culture.  

Spu t um  V 

Spu t um  VI 

I 
Beginl~ing of] Source of 

artificial 
cultivation, culture. 

July  7, 1897 New Hamp- 
shire. 

July  14, 1897 Winthrop,  
. Mass. 

.'Vasaa narica 
(Coati) 

human spu- 
t um (?) 

Spu tum VII  Jan. 18, 1898 Haverhill, 
Mass. 

i 
! 
l 

Ju ly  26, 1894 Washington,  
D.C.  

Bovine I Dec. 1, 1894 Virginia. 

Bovine I I  

Bovine I I I  

Nov. 28, 1896 Lawrence, 
Mass. i 

April 19, 1897 Carlislc (?), 
Mass. 

H I S T O R Y  OF CASE. 

chusetts.  She is now (Jan., 1898) at 
service in another town. She has a 
troublesome cough and is under the care 
of a physician. 

Spu tum discharged, Jane,  1897~ by a man 
25 years old. Had been troubled with a 
cough for about  2 years, and apices re- 
ported involved. Pat ient  feels well in 
the country,  but  cannot carry on his 
trade (printer)  in the city. In Jan., 
1898, he was reported to be much im- 
proved in every way. 

Spu tum discharged, June  16, 1897, by a 
woman '20 years old. Tubercle bacilli 
numerous.  His tory not  obtainable. 
Pat ient  died about  6 months  later. 

Spu tum containing many bacilli, dis- 
charged by an I tal ian laborer, Dec. 15, 
1897. Age of pat ient  27 years. Re- 
turned to Italy in Jan., 1898. 

Autopsy,  May 12, 1894, revealed pr imary 
intest inal infect ion,  as mesenteric glands 
were far thes t  advanced in the disease. 
Omentum studded with tubercles. Ex- 
tensive cmbolic tuberculosis  of lungs. 
Household pet of tuberculous  man. At 
Washington Zoological Park, where 
animal was kept after death of owner, 
other animals of samc species remained 
well. 

Bull with advanced generalized disease. 
Great enlargement of lymph glands of 
head and thorax. Tuberculosis  of the 
bones. Periodic tympanites  due to en- 
larged mediastinal glands. Killed. 

Cow having mult iple  necrotic foci in larg~ 
caudal mediastinal gland. Foci dry 
cheesy; process evidently old. In one 
lobe of lung a focus 1 ~  inches in diam- 
eter with centre softened. I n . u d d e r  
small nodules containing actinomyces. 
Killed. 

Cow killed, March 19, 1897, at Brighton 
(Boston) abattoir. Quite extensive dis- 
ease of lungs and liver. 
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Designation 
of culture. 

Bovine IV 

Bovine V 

Bovine VI  

Swine I 

Cat I 

Horse  I 

Beginning of 
artificial 

cultivation. 

Apr. 28,1897 

Apr. 23, 1897 

Dec. 24, 1897 

May 8, 1896 

Mar. 9, 1897 

Feb. 20, 1897 

Source of 
culture.  

Billerica, 
Mass. 

Carlisle, 
Mass. 

~ewton ,  
Mass. 

Southboro,  
Mass. 

HISTORY OF CASE. 

Cow killed, March 19, 1897, at Brighton 
abattoir.  Disease restricted to one of 
dorsal mediastinal glands. The gland 
is moderately enlarged and contains a 
number  of well-defined tubercles, 3 to 4 
ram. in diameter, dry cheesy th roughout ,  
and easily peeled out  of gland tissue. 
:No sur rounding  infiltration. Evidently 
a mild s tat ionary case. 

Cow killed, March 19, 1897, at Brighton 
abattoir.  Disease has produced a focus  
in the lungs, and involves all dorsal 
mediastinal glands, which are consider- 
ably enlarged. One of the portal  glands 
is enlarged, and permeated with a net- 
work of necrotic lines. 

Caseous mat te r  f rom a focus in the lungs  
of a cow 2 to 3 years old. The focus  
several inches in diameter, probably not  
more than 3 to 8½ months  old, since 
the cow gave no tubercul in  reaction 4 
months  ago. Dorsal mediastinal gland 
involved. 

Lungs and one gland (presumably f rom 
mesentery) received at laboratory, March 
18, 1896. The herd lived under a cow 
stable, and the infection was probably  
bovine in origin. Lungs studded with 
firm, centrally cheesy or calcified nodules 
f rom 1 to 4 ram. in diameter. The lymph 
gland contained many foci wi th  cheesy 
eentres. 

Case reported by L. Frothingham,  V. M. D., 
in the Journa l  of the Boston Society 'of  
Medical Sciences, March, 1897. Tuber-  
culosis of a mesenteric gland with miliary 
tuberculosis  of lungs, liver and spleen. 
Tubercle bacilli in capillaries of lungs  
and liver. Guinea-pig inoculated by Dr. 
Froth ingham,  and kindly t ransferred to 
me. 

Lungs  of a horse f rom Brighton Rendering 
Establ ishment .  Guinea-pig inoculated 
f rom tubercles by Dr. L. Frothingham.  
History of animal not  known. 



456 Study of Bovine and Human Bacilli from Sputum 

I t  will be noticed that  these cu l tu~s  come from a variety of cases, 
both mild and severe. Of  the patients yielding the sputum bacilli, 

three are dead, two still sick, one has apparently recovered, and one, 
a recent case, is now not accessible. Of the bovine cases two were 
slight, two advanced and two of moderate intensity. Of the other 

mammals nothing very definite is known. 

The bacilli were isolated in all cases by inoculating guinea-pigs with 
tuberculous tissue or sputum contMmng bacilli. Wi th  sputum the 
injection of a suspension in bouillon into the abdominal cavity is the 

most satisfactory. Subcutaneous inoculation may induce a very 
chronic disease with older (500-gramme) guinea-pigs, which is not so 

likely to lead to successful cultures because of the scarcity of bacilli in 
the tuberculosis foci. I n  nearly all cases the guinea-pigs were chloro- 
formed after three or four weeks, to prevent secondary infections 
occurring in the final stages of the disease. 

Inasmuch as a more general study of tubercle bacilli is desirable, I 

shall go somewhat into detail concerning the methods I have employed 
in making cultures. Having had practically nothing but  failures 
until  I adopted the procedure to be described, I can recommend it 

without reserve. There is nothing new about it, excepting in the 
combination of details. Of 18 attempts to isolate the bacillus, 17 

were successful. The one failure was probably due to the slow pro- 

gress of the inoculation disease in the guinea-pig. 

Throughout the work dog's serum was used. The dog was bled under 
chloroform and the blood dra~vn from a femoral artery, under aseptic 
conditions, through sterile tubes directly into sterile flasks. The serum 
was drawn from the clot with sterile pipettes and either distributed at 
once into tubes or else stored with 0.25 to 0.3 per cent chloroform added. 
Discontinuous sterilization was rendered unnecessary. The temperatl~re 
required to produce a sufficiently firm and yet not too hard and dry 
serum is for the dog 75 ° to 76 ° C. For horse serum it is from 4 ° to 5 ° 
lower. The serum was set in a thermostat into which a large dish of 
water was always placed to forestall any abstraction of moisture from 
the serum. About three hours suffice for the coagulation. When serum 
containing chloroform is to be coagulated, I am in the habit of placing 
the tubes for an hour or longer in a water-bath at 55o-60 ° C., or under 
the receiver of an air-pump, to drive off the antiseptic. This procedure 
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dispenses with all sterilization excepting that going on during the 
coagulation of the serum. I t  prevents the gradual formation of mere- 
branes of salts, which, remaining on the surface during coagulation, form 
a film unsuited for bacteria. Tubes of coagulated serum should be kept 
in a cold closed space where the opportunities for evaporation are slight. 
They should always be kept inclined. 

The ordinary cotton-plugged test tubes I do not use, because of the 
rapid drying out permitted by them, as well as the opportunities for 
infection with fungi. Instead, a tube is used which has a ground glass 
cap fitted over it. This cap contracts into a narrow tube plugged with 
glass wool. This plug is not disturbed. The tube is cleaned, filled and 
inoculated by removing the cap. With sufficient opportunity for the 
interchange of air very little evaporation takes place, and contamination 
of the culture is a very rare occurrence. In inoculating these tubes, bits 
of tissue, which include tuberculous loci, especially the most recent, are 
torn from the organs and transferred to the serum. Very little crushing, 
if any, is desirable or necessary. I think many failures are due to the 
often futile attempts to break up firm tubercles. Nor should the bits 
of tissue be rubbed into the surface, as is sometimes recommended. After 
a stay of several weeks in the thermostat I usually remote the tubes and 
stir about the bits of tissue. This frequently is the occasion for a 
prompt appearance of growth within a week, as it seems to put certain 
still microscopic colonies in or around the tissue into better condition 
for further development. The thermostat should be fairly constant, as 
urged by Koch in his classic monograph, but I look upon moisture as of 
more importance. I f  possible, a thermostat should be used which is 
opened only occasionally. Into this a large dish of water is placed, which 
keeps the space saturated. Ventilation should be restricted to a mini- 
mum. As a consequence, moulds grow luxuriantly and even the gummed 
labels must be replaced by pieces of stiff manila paper fastened to the 
tube with a rubber band. By keeping the tubes inclined, no undue 
amount of condensation water can collect in the bottom, and the upper 
portion of the serum remains moist. The only precaution to be applied 
~o prevent infection with moulds is to thoroughly flame the joint between 
tube and cap as well as the plugged end, before opening the tube. When 
test tubes are employed it is well to dip the lower end of the plug into 
sterile molten paraffine and to cover the tube with a sterilized paper cap. 
The white bottle caps of the druggists are very serviceable. 

In  pursuing this method of obtaining cultures, the question arises: 
May not attenuated or more saprophytic forms exist in the sputum 

31 
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besides those more pathogenic, and may not the former get into our 
cultures rather than the latter? This question cannot be answered with 
entire satisfaction. If  we assume~ for the sake of illustration, that the 
original disease was due to perhaps one inhaled bacillus, the progeny 
of this bacillus may be reinforced by others inhaled which have more 
saprophytic and less pathogenic tendencies, and which multiply in the 
cavities and in the sputum to the partial suppression of the original form. 
I f  we make cultures directly from sputum this hypothetical danger could 
not be evaded. The inoculation of the guinea-pig and the three or more 
weeks elapsing before cultures are made is to a certain degree a safe- 
guard, as it gives the more pathogenic form an opportunity to assert 
itself by prompt multiplication. I am not inclined to look upon this 
danger of substitution as a real one. At the same time, it may be best 
always to choose those successful cultures from the guinea-pig which 
have come from metastatic rather than local (peritoneal) tubercles. In  
my work I obtained in most cases cultures simultaneously from 3 or 4 
organs, and any differences in these original cultures were not manifest. 
Only one was used in the comparative studies. Of 7 sputum cultures, 
were derived from the omentum and ~ from the spleen. Of one the 
source is not noted. For the bovine cultures no such doubts can be 
raised, because the foci are closed and not accessible to more saprophytic 
types. 

In  the study of the various cultures the conditions were maintained 
as nearly uniform as possible by using tubes of serum prepared at the 
same time, and keeping the inoculated cultures in the thermostat in the 
same trays. For the microscopic examination a little of the surface 
growth was rubbed between two cover glasses, allowed to dry in the air, 
and then the whole series to be compared were fixed all together in the 
hot-air sterilizer at 120 ° C. for 20 to 30 minutes. For staining, carbol- 
fuchsin was used cold, and the decolorization effected with a 10 per cent 
aqueous solution of sulphuric acid acting for from 15 to 30 seconds. 
Cover-slips were also decolorized with ½ per cent acetic acid, some simply 
washed in water, others were stained according to Gram-Weigert. In  
all cases the members of the series studied were treated alike and at the 
same time, thus eliminating minor, often unavoidable, variations. In all 
cases the characters to be described refer to dog-serum cultures. These 
were renewed every 3 to 6 weeks, as many at a time as was possible. The 
regularity of re-inoculations was now and then interrupted by a beginning 
infection of the tube with moulds, or a too feeble growth, necessitating 
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earlier transfer to fresh tubes. As a rule the cultures were kept contin- 
uously in the thermostat until the next transfer was made.* 

The tendency of most species of bacteria to vary slightly from tube to 
tube, either in size, form, or staining capacity, is Mso characteristic of 
tubercle bacilli, so that repeated examination of series of cultures is 
necessary to obtain what might be called a composite photograph of 
their most permanent characters or peculiarities. The statements made 
below as to the morphology of the bacilli under observation are based 
on the repeated examination of hundreds of slides of which the condi- 
tions of growth of the bacilli, the coagulating point of the serum, and the 
staining manipulations had been carefully noted. The cultivation of 
tubercle bacilli requires, even under the best circumstances, constant 
personal attention, and those not prepared to give it had better not 
attempt it seriously. Success is obtainable along lines other than those 
suggested by me. Koch succeeded by using beef's serum in ordinary 
plugged test tubes. He is, however, the only investigator, I believe, who 
has studied series of cultures of tubercle bacilli. 

~OI~PHOLOGICAL AND BIOLOGICAL CHARACTEI~S. 

With one exception to be noted below (Sputum I), the human bacilli 
grew from the start much more vigorously than the bovine bacilli. 
With several the rapidity of growth was surprising. After two weeks 
these cultures appear as a whitish surface layer of a pearly lustre, of 
varying thickness. The bovine cultures show merely discrete colonies, 
or a thin, uniform layer having the appearance of ground giassJ This 
difference in the vigor of growth has, in general, maintained itself, with 
the slowly increasing tendency of all cultures to multiply more rapidly. 

The size of bovine bacilli in the various cultures was quite constant. 
They were all quite short, usually about 1 to 1.5/~ long, more rarely 1 

* I t  is a l w a y s  des i r ab le  as  a p r e c a u t i o n a r y  m e a s u r e  to  r e t a i n  3 or  4 o lder  
t r a n s f e r s  of  a n y  c u l t u r e  in  a cool, d a r k  place,  so t h a t  i t  m a y  no t  be los t  
t h r o u g h  s o m e  acc iden t  or  c o n t a m i n a t i o n .  Now a n d  t h e n  c u l t u r e - m e d i a  
wil l  prove u n s a t i s f a c t o r y .  I n  s u c h  cases,  t h e  e a r l i e r  t u b e s  m u s t  a g a i n  be  
r e s o r t e d  to. I have  no t i ced  t h a t  u p o n  all t he  s e r u m  t u b e s  f r o m  one dog,  
g r o w t h  w a s  feeble.  T h e  l iver a nd  t he  k i d n e y s  of t h i s  a n i m a l  show e d  cons id-  
e r ab le  f a t t y  c h a n g e s ,  a l t h o u g h  the  a n i m a l  ha d  no t  been  i l h  Pos s ib ly  over- 
f e e d i n g  m a y  be t he  cause  of t h e  difficulty.  

t I n  some  t u b e s  a pecu l i a r  coppe ry  d i sco lo ra t ion  m a y  e x t e n d  over  t h e  
e n t i r e  s u r f a c e  g r o w t h .  Cu l t u r e s  f r o m  t h e s e  a re  fer t i le ,  however .  T h e r e  is  
n o t h i n g  in  t h e  mic roscop ic  a p p e a r a n c e  of t he  bacil l i  to e xp l a in  t h i s  c h a n g e .  
I t  is n o t  a n  u n c o m m o n  f e a t u r e  of  c u l t u r e s  of feeble v i ta l i ty ,  or  of  u n s a t i s -  
f a c t o r y  cu l tu r e -med ia .  
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to 2 /t. These measurements do not tend to change appreciably with 
prolonged cultivation. The bacilli are straight, not very regular in 
outline. Some are broader at one end than at the other, some broader 
in t~e middle than at either end, i. e. spindle-shaped. Some may be so 
short as to resemble oval cocci. With the human bacilli the form was 
not so constant. The earliest cultures of Spur. I I ,  IV,  V and V I  con- 
rained forms from 1 to 2/~ long, hence closely approximating the bovine 
forms. Others (Sputum I I I )  may be longer from the start. In  all, 
however, there is a tendency, not noticed among bovine cultures, to grow 
longer under artificial cultivation. Perhaps the greatest contrast in 
form, which has remained so for three years, is illustrated by the bovine 
and the Nasua (human) culture described in 1896. In  the latter the 
bacilli are from 2 to 3 times the length of the former. 

In  the earliest cultures, therefore, morphological differences are not 
necessarily characteristic, and_ cannot aid us in attempts at determining 
the origin of cultures. Cultures containing only small forms have been 
noted by Metchnikoff and Straus. The latter states that  even the avian 
variety may assume very small dimensions under certain circumstances. 

When the serum to be used for cultures is coagulated at a tempera- 
ture of 71 ° to 72 ° C., instead of 75 ° to 76 ° C., certain modifications are 
manifest. All bacilli which have developed on a sermn having a firm 
surface, and which is obtained at the higher temperature, absorb the 
dye promptly and become brilliantly stained. When a softer (71 ° C.) 
serum is employed, whose surface is easily depressed, torn and broken 
by the plat inum needle, the culture, which may have become either 
more or less vigorous than before, now contains a large nmnber  (from 
50 to 90 per cent) of bacilli, which stain quite feebly. Uniformly 
dispersed among them are deeply stained forms. This feeble stain is 
noticed when bacilli are not treated with decolorizing agents at all, and 
the appearance of the cover-slip preparation is not materially altered by 
the acid.* 

While both human and bovine bacilli are affected by the softer serum, 
the former show a much greater degree of change. The bacilli are very 
feebly stained and show outlines often very indistinct. Fur ther  than 

* Since the completion of the manuscript further studies of this phe- 
nomenon have convinced me that at least some of the feeble staining is due 
to the formation of a capsular substance, which interferes with the pene- 
tration of the dye. This substance, which is produced in greatest abundance 
by the human cultures, is not infrequently detected as an irregular, un- 
stained envelope around a single bacillus or a group. I t  is not stained by 
the procedure recommended by Prof. Welch for staining capsules. 
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this, the human bacilli, on the softer serum, tend to become longer and 
slightly curved. In some cultures this change is very pronounced, in 
others less so. With the bovine forms there is no elongation, although 
the bacilli may be less brilliantly stained than on firm serum. Of seven 
human cultures studied, all have exhibited this tendency to become 
slender, while none of the bovine bacilli have been seen to change their 
size to any appreciable degree. Some of the bovine cultures from softer 
serum did not even show any feebly stained bacilli. 

Another modification in form which manifests itself upon the firmer 
serum is the appearance of round, deeply stained bodies, at or near the 
end of the usually slender bacilli, very rarely in the middle. These bodies, 
from 1.5 to 2 times the diameter of the rod, take a brilliant stain in car- 
bol-fuchsin, contrasting with the more feebly stained, less compact rod 
in which they are imbedded. These bodies, which have a striking resem- 
blance to spores, may be present in all the rods of any one preparation, 
or in a certain proportion only. They have been seen in Nasua, Sputum 
III ,  IV and VI. In the bovine cultures bodies of this nature are occa- 
sionally recognizable, but owing to the shortness of the bacilli they do 
not stand out distinctly. Of much more frequent occurrence in these 
cultures, often the only forms present, are short fusiform or spindle- 
shaped rods, the central swelling being also deeply stained, and perhaps 
corresponding to the terminal body of the human forms. These bodies 
have been seen by Ehrlich, Nocard and Roux, Metchnikoff, Cornil and 
Babes, Czaplewski and Straus. They have been variously interpreted 
as spores, and bacilli containing them have been successfully double- 
stained. Their significance remains unsolved. The most probable ex- 
planation is a degeneration or involution form. They may, however, 
represent some resting stage and correspond to the short, brilliantly 
stained bodies frequently seen in giant cells, and not recognizable as 
bacilli. In unstained films, monnted in water, they cannot be distin- 
guished even with a very narrow pencil of light. An increased refrangi- 
bility cannot be made out. 

Experiments to determine the length of time required at 60 ° C. to 
destroy both human and bovine forms have thus far not revealed any 
differences. The tests are reserved for a special publication. 

A study of the relative resistance of the. bacilli to drying has not yet 
been attempted. 

Among the sputum cultures is one (No. 1) which grew so feebly on 
dog's serum that its cultivation was ~ finally given up. The history of the 
case is briefly given in Table I. Since the comparative tests of the 
pathogenesis of this culture are very incomplete, I shall give briefly the 
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results  of  the  i n o c u l a t i o n  of  the  s p u t u m  as ev idence  that  the  o r g a n i s m  
was  in  real i ty  a tuberc le  baci l lus .  

June 27, 1896. Guinea-pig, we ight  640 grammes,  receives into abdomen 0'.5 
cc. of bouillon in which  some sputum is suspended. 

July  20. Weight  457 grammes.  Animal  rather dull, w i th  coat sl ightly 
staring. Very little resistance to handling.  Chloroformed. 

A f e w  subserous tubercles around point of  injection. Omentum represented 
by a cylindrical  mass  of neoplastic tissue, about 1 to 2 cm. in diameter, firm, 
speckled with  whi t i sh  dots indicative of  necrosis. Tubercles on diaphragm 
and testicles. Liver spotted wi th  small,  irregular, not well-defined, ye l lowish  
necroses. Spleen s l ightly enlarged, wi th  Malpighian bodies prominent.  Bron- 
chial  and sternal glands enlarged, w i th  central necrosis. Lungs free from 
visible tubercles. 

The pathogenic power of this sputum seems to have been equal to 
that of most sputa examined. One guinea-pig of 672 grammes, inocu- 
lated precisely like the preceding, died 46 days after inoculation, with 
n~ore pronounced lesions of the liver and spleen. A third guinea-pig of 
370 grammes, which had received the same quantity subcutaneously, 
weighed a trifle more on the 49th day (390 grammes) thaa at the begin- 
ning. On this day it was chloroformed and examined. The typical 
ulcer with surrounding tubercles in the subcutis and a few tubercles ia 
the omentum were seen. The liver was pale and fatty, the spleen en- 
larged to several times the normal size and uniformly permeated with 
grayish (one ram.) loci, but without necroses. The lungs were studded 
with small, partly necrotic tubercles. The bronchial and sternal glands 
were large, with necrotic centres. 

The first culture showed somewhat slender but well-stained bacilli. 
In tubes subsequently inoculated, the bacilli multiplied almost exclu- 
sively in the condensation water, which became milky in appearance. 
In  this the bacilli appeared in roundish clumps among cholesterin crys- 
tals. The bacilli were imbedded in a colorless material which formed the 
cohesive clump. The stained bacilli presented no llnusual characters 
save in one culture (after about six months of total cultivation), in which 
fully one-half of all the quite slender bacilli appeared as series of trans- 
verse, apparently unconnected stained Mocks, simulating streptococci. 
I t  is unfortunate that more animal tests were not made with this stock. 
As I was expecting a more vigorous culture from month to month, tests 
were postponed until conditions should approximate those of the other 
cultures. These were, however, not realized. The only test upon a 
rabbit is given in Table III . ,  The cultivation was finally abandoned. 
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Of the other animal bacilli the cultures from swine were identical with 
the bovine cultures in morphological and other characters. Those of the 
horse and the cat were also either identical with the bovine bacilli or 
they very closely resembled them. 

I f  we undertake to summarize the observations made with micro- 
scope and culture tube upon these bacilli, we somewhat hesitatingly 
formulate the following general statements: 

1. Bovine and other animal bacilli (except Nasua, which is regarded 
as coming from man) grew less vigorously for a number of generations 
than the sputum bacilli. Sputum I is an exception and is probably 
an atypical form. 

2. Bovine bacilli are much less influenced by certain modifications 
of the culture-medium. 

3. Bovine bacilli tend to remain short; human bacilli are either 
more slender from the start or become so during cultivation. 

PXT~OO~N~SIS .  

The most important means of demonstrating identity or divergence 
of characters of pathogenic bacteria is the test upon animals. This 
test is a purely physiological one, but in the application of experi- 
mental results from the domain of bacteriology to medicine, morpho- 
logical characters must give way to physiological. 

That there might be differences among tubercle bacilli from dif- 
ferent species of mammals presented itself as a possibility to Koch and 
is referred to in his monograph. He, however, fMled to recognize 
any differences worth mentioning. There are several reasons for this. 
In  the first place, Koch was at that time endeavoring to prove to the 
world that the tubercle bacillus is the cause of tuberculosis. Minor 
details received no attention because of the great and difficult task im- 
mediately before him. In  the second place, the course of tuberculosis 
is essentially a function of the number of bacilli introduced. Varia- 
tions in the dose result in corresponding variations in the length of the 
disease, in its final terminatiou, and in the extent and distribution of 
the lesions. This fact Koch himself recognized in discussing the 
results following the intra-ocular inoculation of varying quantities of 
culture material in rabbits. I te  did not, however, attempt to adjust 
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carefully the quantity to be injected or to determine the effect of 
varying quantities of bacilli upon any of the species used by him. 
Curiously enough, no one following him seems to have considered it 
worth while to extend his work by more accurate comparative tests. 
That such work is likely to be fruitful the following experiments 
amply demonstrate. 

Guinea-pigs. The inoculation of this species with tubercle bacilli 
from the various cultures brought out few well-defined differences. 
The great susceptibility of guinea-pigs to tubercle bacilli is responsible 
for the general acceptance of a common level of pathogenic power 
for all mammalian tubercle bacilli. This tendency to unify physio- 
logical characters because of a more or less uniform action upon very 
susceptible species has led to frequen~ failure on the part of experi- 
menters to recoguize important variations among species of bacteria, 
variations probably having much influence upon the course of the 
disease co~txacted in the natural way. There are, however, certain 
differences in the action of bovine and sputum bacilli upon guinea- 
pigs which enable us to recognize even in these very susceptible ani- 
mals the much greater virulence of bovine bacilli. I t  is probable 
that by a graded dosage of tubercle bacilli more marked differences 
might be brought out than I am in position to present~ 

It has already been stated that: all the cultures in hand had been 
obtained by inoculating the tuberculous tissue or t h e  sputum into 
guinea-pigs and isolating the bacilli from them. To obtain the bovine 
cultures, a small bit of tissue was placed in a subcutaneous pocket in the 
flank. For sputum bacilli the sputum was shaken up in sterile bouillon 
and the dilution injected into the abdominal cavity. In these prelimi- 
nary experiments differences presented themselves between the two 
kinds of material. Although the sputum, as a rule, contained very many 
tubercle bacilli and the bovine tissue very few, yet the subcutaneous 
injection of sputum led to such a chronic disease, with comparatively 
slight lesions and a .tendency to reparative changes in the liver, that the 
animals were very unpromising subjects for culture when chloroformed.* 
Hence the intra-abdominal inoculation in most cases. On the other 
hand, the disease due to bovine tissue placed in the subcutis never failed 

These statements apply only to guinea-pigs weighing 400 grammes and 
above. 
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to produce extensive lesions, with indications of certain death in ~ to 
6 weeks, which was anticipated by chloroform when cultures were to be 
made. Leaving this preliminary series of inoculations, we will pass to 
those wade with definite doses of tubercle bacilli in suspension. 

The suspension was made by thoroughly rubbing the growth from 
blood serum upon the inside of dry sterile test tubes with a heavy 
spatula-like platinum wire. This procedure results in the breaking up 
of clumps and the coating of the tube with masses of bacilli. Bouillon 
was then poured in and the theroughly stirred suspension allowed to 
stand for several hours until all coarser particles had subsided. The 
resulting suspension was c]iluted, if necessary, until its density was nearly 
equivalent to that of a bouillon culture of typhoid bacilli 20 to 24 hours 
old, and nearly as homogeneous. More accurate dosage might be obtain- 
able by weighing the moist growth before suspending it in bouillon; 
but inasmuch as the weighed quantity may not all be brought into a 
finely divided state--a matter of importance in the intravenous injection 
of rabbits the method adopted is probably less troublesome and equally 
accurate. 

Of this suspension the usual dose, both for subcutaneous and intra- 
abdominal inoculation, was 0.5 cc. An examination of the dates in 
the various tables will show that many of the inoculations upon rabbits, 
guinea-pigs and cattle were made with the same suspension on the same 
day. 

The guinea-pigs employed were all rather large, weighing, with few 
exceptions, from 400 to 700 grins. They had all been used in diphtheria 
antitoxin tests one to three months before. The rapid increase in 
weight was evidence of no disturbance of health at the time of inocula, 
tion. I t  is of importance to bear in mind that the animals were large, 
because the progress of tuberculosis differs essentially in growing and 
adult guinea-pigs, the latter manifesting a far greater resistance than 
the former, a resistance expressed by well-marked reparative or cirrhotic 
changes in the liver. The differences to be pointed oat in the bovine 
and sputum series may possibly be nearly wiped out by the use of guineu- 
pigs weighing only 250 to 300 grms. 

The disoase induced by the intra-abdominal injection was so. rapid 
in its progress for both bovine and sputum cultures that  the virulence 

of both races appears nearly the same. 

The shortest period between inoculation and death, when 0.5 cc. of 
the suspension was injected, is 7 days, the longest 21 days, with one 
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exception, that of Sputum VI, which was 38 days. In other cases the 
period was prolonged because of smaller doses. For Bovine I (0.2 cc.) 
it was 33 days; for Nasua (0.3 cc.) 41 days. If we take the largest series 
in which the injections were made at the same time and in which the 
conditions were identical--the series comprising cultures of Spur. IV, 
Y, VI and of Bovine III,  IV, ¥ we find the periods elapsing between 
inoculation and death to be respectively 21, 11, 38 for the sputum and 
7, 9 and 10 days for the bovine cultures. 

The disease due to the intra-abdominal injection of tubercle bacilli 
in the quantity used is peculiar in this, that there is always found after 
death a large quantity of an opalescent fluid in both pleural sacs. This 
fluid greatly compresses the lungs and is probably the immediate cause 
of death. When the disease is prolonged beyond 3 weeks, the pleural 
effusion is absent. A careful histological study of the various organs 
in this most acute form of the inoculation disease, which will probably 
furnish the explanation of the effusion, is still to be made. In the 
abdominal cavity there is, as might be expected, a general inflammation 
of the peritoneum, associated with some fibrinous exudation and usually 
a little viscid fluid, when the disease does not last quite ten days. Any 
prolongation beyond this brings a dense eruption of tubercles into view. 
The omentum is in all cases represented by a cylindrical mass of fused 
tubercles. 

I f  we turn to the subcutaneous inoculations, the difference in patho- 
genic power is more clearly brought (mr. 

In the same series just quoted, of the three sputum guinea-pigs, one 
died 44 days after inoculation, the others were chloroformed respectively 
77 and 100 days after inoculation; the first having lost but little in 
weight, the second being a trifle heavier, but having extensive pulmonary 
disease. The bovine guinea-pigs died in 51, 41 and 40 days respectively. 
The sputum guinea-pig, which succumbed in 44 days, weighed at the 
start 130 grins, less than the lightest bovine guinea-pig. The lesions 
were slight, the lymph glands only moderately enlarged, the foci in the 
lungs not visible to the naked eye. The spleen was not enlarged. The 
liver was mottled with very many grayish specks. The microscopic 
examination showed lesions but slightly advanced and reparative changes 
with proliferation of bile-duets in progress. In general, the tuberculous 
lesions in this animal did not warrant so early a death. 

The histological examination of the tissues of the infected guinea-pigs 
was restricted to the lungs and the liver of those inoculated simultane- 
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ously under the skin with cultures of Sputum IV, V and VI,* and of 
Bovine I I I  and V. These organs were chosen because of their peculiar 
behavior towards the infection. The liver is invaded first, and under 
favorable conditions cirrhotic changes may begin which in some cases 
apparently lead to an elimination of the disease, with considerable 
shrinking of the organ and furrowing of the surface. In  the lungs the 
disease begins later, and if the animal survives the first 6 weeks, may 
grow steadily until  most of the organ is involved. 

Pieces of tissue hardened in Zenker's fluid or alcohol were cut em- 
bedded in paraffine. The sections, fastened to the slide with Mayer's 
albumen and water combined, were stained with hmmalum and eosin or 
picro-acid-fuchsin, or with eosin and methylene-blue. In  some cases 
Weigert's fibrin stain was resorted to. All were stained for tubercle 
bacilli in carbol-fuchsin, differentiated in 1 per cent acetic or decol- 
orized in 4 per cent sulphuric acid, and stained subsequently in LSffier's 
methylene-blue. The stain for tubercle bacilli was successful in the tis~ 
sues hardened in Zenker's fluid. Even in the sections stained according 
to Gram-Weigert, the bacilli appeared distinctly, but in a peculiar form, 
often simulating short streptococci with the individual cells rather well 
separated, or series of short blocks with spaces between them. Here 
the stain fastens itself only upon certain segments of the bacillus, leaving 
the connecting elements entirely unstained. The part selected evidently 
stands in no relation to the bulging, deeply stained, spore-like bodies 
referred to above as occurring in cultures. 

In  discussing the histological changes induced by tubercle bacilli in 
the various animals inoculated, it has been my determination to steer 
clear of aM controversial questions relating to the histogenesis of the 
tubercle or of the elements composing it, as being foreign to the scope 
of this etiological study. Only those features will be very briefly referred 
to which show pronounced variations and which serve to point out differ- 
ences in the action of the bacilli. 

In  the liver of the inoculated guinea-pig, the proliferative lesions 
present in all cases examined consist of aggregations of the characteristic 
epithelioid cells, among which, here and there, scattering nuclei appear 
richer in chromatin, and which for convenience are designated lymphoid 
elements. The lesions, situated chiefly in the interlobular tissue, are 
surrounded with a wide or narrow zone of proliferating bile-ducts, which 
appear as single or forked lines or in the form of meshes. There is noth- 

* Spleen in place of liver in this ease, the latter having been rejected by 
mistake. 
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ing in the microscopic appearance of the liver tubercles to serve as dis- 
tinguishing" marks, excepting Lhe much more extensive involvement of 
the liver tissue and the much greater abundance of tubercle bacilli in 
the bovine cases. In the latter there are added to these lesions those of 
another character, the simple necrosis of cell territories ushered in by a 
fading out of the nuclei and a deep stain with eosin. These areas prob- 
ably represent the yellow cheesy areas so common, and often very large, 
in young tuberculous guinea-pigs. They are readily distinguishable with 
the naked eye from the grayish proliferative changes going on in the 
interlobular tissue. In the sputum eases the very rare areas of this 
character seen were very small. 

In the lungs, the lesions are as a rule perivascular and peribronehial. 
There are no essentially distinctive features here, excepting the very 

• I 
great abundance of tubercle bacilli in the bovine eases. In Boy. I I I  the 
bacilli are also found in large numbers in cell detritus occupying alveoli 
and small bronchi. In Sputum VI many alveoli in the periphery of the 
foei are nearly filled out with mnltinueleated cells resembling giant cells 
closely, but their contents are only pigment particles. In Bovine V 
similar cells are present, though in small numbers. These, as well as 
other cells in the alveoli, each contain several bacilli. 

The action of tubercle baeilli from the pig, the horse and the eat 
upon guinea-pigs was nearly the same, as that of the bovine cultures; 
and needs no special discussion here. 

Wi th  this hasty, imperfect sketch we may conclude the notes on 
the tubereulosis o~ guinea-pigs induced with cultures, by simply 
adding that the bovine bacilli studied are more virulent than human 
bacilli, although, owing to the great susceptibility of this species, the 
differences are not likely to impress us unless we give much attention 
to experimental details. These. differences may be summed up as con- 
sisting in the more rapid death of all guinea-pigs inoculated with 
bovine bacilli, the greater extent of the lesions and the far g rea~r  
abundance of tubercle bacilli in them. 

In  Table I I  will be found, in part, the basis for these conclusions. 
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Rabbits. The inoculation into the anterior chamber of the eye 
has been the most widely practised method. This seems to have been 
followed by variable results, whether due to the number of bacilli 

injected, the source of the bacilli or the amount of injury inflicted 
on the eye. 

Koch injected tubercle bacilli from various sources into an ear-vein. 
The bacilli were suspended in blood-serum and the suspension passed 
through fine gauze to eliminate coarser particles. 4 rabbits were 
inoculated in this way with bacilli from a monkey, 3 with bacilli from 

a case of phthisis and 3 with ba'cilli from cattle. The rabbits all 
succumbed in from 18 to 31 days, excepting one, which was killed 

on the 38th day. In another experiment a culture from a case of 
lupus and from a monkey were tested on rabbits. Death ensued in 
2 to 3 weeks. The weight of the rabbits and the density of the sus- 
pensions used are not given, so that comparisons are impossible. More- 
over, the medium used--liquid serum--may not be entirely indif- 
ferent. Straus*' mentions the slight effect produced upon rabbits by 
cultures of human tubercle bacilli. 

In  the present work, the injection of tubercle bacilli into an ear- 

vein was used at first tentatively, then, when sharp distinctions be- 
tween bovine and human cultures wen  made manifest by this proce- 
dure, it was continued. 

Rabbits weighing from 1300 to 2200 grins, were employed. The sus- 
pension was prepared as already described, and for most of the primary 
tests 0.5 cc. was injected. By referring to Table I I I  it will be seen that 
for the primary test of the last pair of cultures, Bovine VI and Sputum 
VII, the suspensions were ~ to ¼ as dense and the dose was doubled. 
The other cultures of which larger doses were injected are Sputum I, 
Nasua and Cat I (0.75 cc.), and Swine I (1 cc.). More recent tests indi- 
cate, however, that any variation in the dose as slight as these has but 
little influence in modifying the duration of the disease. 

As far as practicable, the tests were made as soon as the purity of the 
cultures was beyond doubt, in order to reduce to a minimum the factor 
of artificial attenuation. This seems to have been on the whole incon- 

* La tuberculose et son bacille, 377. 
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siderable.* An effort was also made to test the cultures in groups as far 
as possible, in order to furnish identical conditions. These groups are 
Bovine I and Nasua, Sputum ]I and Bovine II, Sputum II I  and IV, 
Sputum I and IV, Horse I and Cat I, Sputum V, VI and Bovine III,  
IV and V. Sputum VII and Bovine ¥ I  may be considered a group, 
though the inoculations were not made simultaneously, owing to an 
accident. The ages of the different groups of cultures varied from a 
minimum of 9 to a maximum of 24 days. The total age of the cultures 
likewise varied at the date of the first test from 1 month and 10 days to 
9 months and 25 days. These differences, which were largely counter- 
balanced by the group inoculations, cannot be dwelt upon here, as the 
table contains all the information needed for the reader to form his 
own opinion. I t  should be stated, however, that the heaviest rabbits of 
any group were chosen for the bovine cultures. After the inoculation 
the rabbits were handled very little, in order that the conditions might 
remain as uniform as possible. For this reason I have no temperature 
records, but hope to obtain them from a special series of experiments. 

The results may be classed as gross or those manifest on ordinary 
observation and those deducible from a microscopic examination of 

the diseased tissues and organs. The gross results show a sharp line 
of demarcation between the bovine and the human cultures. While 

all the rabMts inoculated with the former succumbed in from 17 to 
21 days, of the rabbits inoculated with the latter only one succumbed 

in 35 days. The others were chloroformed after periods ranging 
from 1 month and 24 days to 3 months and 18 days. At  the time 

they were killed all but one had increased in weight, some but little, 

others much. 

The rabbits inoculated with bovine bacilli manifested in most cases 
more or less dyspn~ea at the end of 8 or 10 days. The lesions were 
practically the same in all, with slight minor modifications. The lungs, 
as the first and chief recipients of the injected bacilli, were in a state of 
expansion, which in some cases was extreme. All lobes were densely 
sprinkled over with small grayish tubercles, varying from mere specks to 
those 1 ram. in diameter. The liver was usually mottled, indicating fatty 
changes, and in about half the cases it was permeated with barely visible 
grayish points. The spleen was enlarged to 2 or 3 times its normal size 

See Table  III,  Bovine  c u l tu r e  I. 
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and as a rule permeated with minute tubercles. In the kidneys the visi- 
ble tubercles were scarce. In 3 cases they were seen in the heart muscle, 
in several in the follicles composing Peyer's patch at the ileocseeal valve. 

The sputum rabbits, with one exception, behaved quite differently 
from the bovine cases. A certain nmnber showed signs of illness after 
7 or more days. They were quiet, somewhat drowsy and ate little, but 
manifested no dyspncea. This condition lasted one or two weeks, after 
which recovery took place. A certain number did not show this transi- 
tory depression. I t  is probable that with all, during the first month, 
there was loss of weight, for subsequent weighings showed no gain upon 
~:he initial weight. At the time they were chloroformed, they had all 
more than recovered in weight. The lesions in these rabbits were in 
many respects quite different from those of the bovine rabbits. The 
rabbit which received the culture marked Sputum I did not show any 
recognizable lesions. The difficulty experienced in the attempts to cul- 
tivate this bacillus leaves the interpretation of this case somewhat doubt- 
ful, although the microscopic preparation from the feeble culture used 
showed well-stained bacilli. The lesions of the other cases were quite 
lmiform in character. 

In all, the lungs contained tuberculous foci sprinkled over the various 
surfaces from 1 ram. to 1 cm. apart. They did not seem to interfere 
functionally, for the lungs collapsed normally when the thorax was 
opened. The tubercles frequently projected somewhat above the surface 
in the collapsed state of the organ. In the fresh condition the foci were 
observed as minute dots, barely visible owing to their translucency, as 
larger foci, 2 ram., in rare cases 3 to 4 ram. in diameter, also translucent 
excepting the centre, which was occupied by a minute opaque point, and 
as more diffuse infiltrations of a translucent appearance mainly at the 
sharp lateral margin of the lobes. These different forms of lesions were 
usually found associated in the same organ, the largest in the animals 
kept alive longest. Necrosis was an inconspicuous feature, whereas the 
translucency was often so perfect as to conceal the small lesions from 
the  eye. When placed in alcohol, these became opaque and visible. 

The liver usually contained minute tubercles scattered sparsely over 
the organ. The spleen, only very slightly larger than normal, was 
affected to nearly the same degree. The kidneys came next to the lungs 
in the extent of the lesions. Sprinkled sparingly over the cortex were 
opaque whitish foci from one to two ram. in diameter. When the organ 
was incised, these round foci, in many cases, corresponded to radial whit- 
ish lines and bands, extending from the periphery towards the pelvis and 
usually stopping within the medullary portion near its base. More 



Theobald Smith 473 

rarely small whitish foci were observed in the walls of the stomach or 
the large intestine. The lymph nodes were free excepting in one Case, 
in which the node associated with a tuberculous kidney was involved. 

In all cases inspection of the affected organs revealed no degenerative 
changes. They were evidently not disturbed by the focal lesions, an 
observation strengthened by the increased weight of the animals when 
sacrificed. The single rabbit which died 35 days after inoculation had 
received Sputum culture IV. It  is worth while to note as a highly 
probable explanation of this one exception that the rabbit, after inocu- 
lation, escaped from the basket in which it was being carried and had to 
be chased for a long time in the animal room before it could be penned. 
I at once anticipated some modification of the disease, owing "to the 
different distribution the bacilli would undergo under the influence of 
muscular exertion. This anticipation was realized. The rabbit after a 
week became quiet and remained dull and drowsy, without any change 
in respiration. On the day before death it sat in a crouching position, 
the hind feet drawn forward under the body, the eyes partly closed. 
After death its weight was 922 grammes, the initial weight having been 
1620 grammes. During the latter weeks a purulent ophthalmia devel- 
oped in the left eye, and shortly before death there was a slight discharge 
and beginning opacity of the cornea in the right eye. 

In the liver, lungs and kidneys there were minute, translucent tuber- 
cles, scarce in the lungs and kidneys, more abundant in the liver. The 
lesions, found in sections of hardened tissue to be relatively very imma~ 
ture, could not explain the rapid emaciation and death, as they were less 
extensive than those of the surviving rabbits, unless we assume that the 
different, more general distribution caused a more rapid breaking np of 
the bacilli and diffusion of the toxines. Another hypothesis would be 
the presence of loci in the central nervous system, which was not exam- 
ined. A second trial upon a rabbit 2 months later, with conditions as 
nearly the same as possible, proved no exception to the general rule. 
The rabbit showed but little disturbance, and was chloroformed after 2 
months and 9 days. The lesions found were like those induced by the 
other sputum bacilli. 

In order to probe still farther this difference between bovine and 
human bacilli, the hmgs of all but a few rabbits were subjected to a 
microscopic study. Here the loci may all be considered primary and 
produced under like conditions. The lesions as defined in fixed and 
hardened tissue by the microscope in the bovine cases were characterized 
by rapid necrosis of the tubercle and the presence of very large numbers 
of tubercle bacilli. This necrosis was evident in the fresh organs from 

32 
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the marked opacity of the comparatively young tubercles. The tubercle 
itself at the stage in which it came under observation varied slightly from 
case to case. I t  consisted of a necrotic centre, absent only in the small- 
est loci, outside of which a zone of epithelioid cells was distinguishable. 
This zone was in several cases bounded by a peripheral one of cells having 
deeply stained nuclei and probably lymphoid. These latter cells were 
also intermingled with the epithelioid ones. The central necrosis ap- 
peared in two forms; it either was characterized by the presence of a 
very dense, deeply stained mass of nuclear fragments, or else these were 
present only to a slight degree and the centre had a more rarefied aspect. 
In  the latter case it was evident that  the necrotic mass consisted of the 
bodies of epithelioid cells and the few nuclei present. In  the former 
the source of the great mass of nuclear detritus remains in doubt. 
These dense nuclear masses were present in abundance in Boy. I and I I I .  
In  Boy. I I  and I V  they were not quite so conspicuous; in Bey. V least so. 
I t  is worthy of note here that  Boy. I and I I I  are the two cultures which 
proved rapidly fatal to cattle inoculated with them, as will be shown 
farther on. 

In  the series of rabbits inoculated with human bacilli, the lungs 
present quite different conditioDs. The lesions evidently develop very 
slowly, for in the one rabbit which succumbed after 35 days, the tubercles 
were vel T small, translucent, the bulk microscopic in size. With the con- 
tinued life of the rabbit they grow larger. The microscopic picture 
differs from that  of the bovine series in the rarity of necrosis and in the 
comparative scarcity of tubercle bacilli. The tubercles consist of aggre- 
gations of large epithe]ioid elements which only in the centre of the larger 
foci show necrosis. These epithelioid foci may be rarely enclosed by a 
zone of round cells. Giant cells are present, but as a rule in very small 
numbers. In  the Sputum I I I  rabbit they were exceptionally numerous 
and very large. " The contiguous alveoli may be occluded with patches 
of epithelioid cells not to be confounded with desquamated epithelium.* 
Tubercle bacilli are found only in the necrotic centres, either in very 
small numbers or more abundantly. In  some cases they stain feebly. 
In  all cases they are somewhat longer than the bovine bacilli in the 
same situation. 

In  addition to the foregoing inoculation tests, made as far as practi- 
cable with equal doses, a few others were tried under slightly modified 

* The lesions in rabbits due to sputum bacilli resemble in many respects 
those produced by Prudden with boiled and washed tubercle bacilli in the 
same species, if we exclude the slight progressive tendency of the disease 
due to the living forms. See ~. Y. Meg. Journal, 1891, i, 637. 
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conditions. A large rabbit (No. 20), weighing 2048 grins., received into 
the abdominal cavity the usual dose, 0.5 cc. of the standard suspeusion. 
Death ensued 26 days later. The walls of the abdomen and of the large 
intestine were densely studded with minute tubercles, the liver per- 
meated with them. The lungs also were densely beset and penetrated 
with minute translucent tubercles. They did not differ appreciably from 
the lungs after intravenous inoculation. This mode of inoculation thus 
proved almost as promptly fatal as the intravenous injection. The same 
suspension of tubercle bacilli used upon the preceding rabbit was diluted 
with 9 volumes of bouillon, and 0.5 cc. injected into an ear-vein of a 
rabbit (No. 27) weighing 1939 grins. The rabbit thus received one- 
tenth the usual dose. In this animal the symptoms and duration of the 
disease and the lesions were nearly the same as those of the rabbits inocu- 
lated with the horse culture to be described later. The rabbit showed 
evidences of disease after two weeks, with slowly increasing dyspncea. 
On the 34th day it was chloroformed, as it would probably have lived but 
one or two days longer. The extreme relative virulence of the bovine 
bacilli is thus put  into a clear light. 

A similar experiment was made with Sputum culture I I I .  One rabbit 
received an equivalent of the usual dose, another one-tenth of this on 
March 1st. Both are still alive (July 20), and the initial weights of 1707 
and 1672 grins, are now 1.558 and 1986 grins. 

I t  has already been stated that the Nasua culture, presumably derived 
from sputum, produced neither symptoms nor visible lesions in a rabbit. 
The  swine and the cat culture, however, produced lesions practically 
identical with those due to the bovine cultures. 

The horse culture takes a position midway between bovine and human 
cultures, so far as the rabbit inoculations show. These, therefore, de- 
serve a more detailed description. The first rabbit, treated like all the 
rest, remained apparently unaffected for a month, although the weight 
had fallen slightly from 1505 to 1477 grins. In  the second month 
respiration became somewhat slower and grew gradually more and more 
labored, so that the animal had to be chloroformed just two months after 
inoculation. The weight had fallen to 1232 grins. The lesions were 
maeroscopically unlike those in any other rabbit of the series. In the 
first place, the lungs failed to collapse even slightly. They are densely 
beset and permeated with tubercles of a grayish, feebly translucent ap- 
pearance, the majority about 1.5 to 2 ram. in diameter, coalescing into 
patches 4 and more ram. in diameter. Minute tubercles are also visible 
among the larger ones. The latter may have a minute, opaque, necrotic 
centre. The liver is apparently free from tubercles, but the slightly 



476 Study of Bovine and Human Bacilli from Sputum 

enlarged spleen is beset with sharply outlined, slightly projecting grayish 
tubercles 1 ram. in diameter. The kidneys are affected in a manner simi- 
lar to those of the sputum rabbits, but the loci are larger. There are 
scattering tubercles in the walls of the small and large intestines, but 
none in the walls of stomach. A second rabbit, inoculated 6 months 
later, was chloroformed after 40 days on account of severe dyspm~a. 
The course of the disease and the lesions were like those of the first 
rabbit. A noteworthy peculiarity of these cases is the presence of tuber- 
culous foci 2 to 4 ram. in diameter in the superficial axillary and popliteal 
lymph nodes. These were not seen in any of the sputum rabbits, but 
were produced by retarding the bovine disease in a rabbit. The inter- 
mediate position of this horse culture is well illustrated by this expert- 
ment referred to above, in which a dilution of bovine tubercle bacilli, 
equivalent to one-tenth of the usual density employed, produced mani- 
festly the same effect upon rabbits as the horse culture. In other words, 
the pathogenic power of the bovine culture as measured upon rabbits 
was 10 times that of the horse bacilli. Further trials will, perhaps, 
enable us to give a rough arithmetical ratio between the pathogenic, power 
of the bovine and the sputum cultures as affecting adult rabbits. I do 
not, however, consider the difference between these races to be solely 
quantitative. 

A comparison of the lesions produced by these three races was at- 
tempted by a histological examination of the lungs, spleen, liver and 
kidneys of three rabbits: 

N o .  16. W t .  ] 5 2 7 - 1 6 1 7  : S p u r .  V : C h l o r o f o r m e d  3 m o n t h s  7 d a y s  a f t e r  i n o c u l a t i o n .  

N o .  14. W t .  1 5 4 0 - 1 2 3 2 :  H o r s e  I :  ,, 2 - 14 ,, - ,, 

N o .  19. W t .  1 4 4 3 -  B o y .  V : D i e d  20 d a y s  a f t e r  i n o c u l a t i o n .  

I refrain from giving the detailed account of the lesions in each organ 
and limit myself to the following summary: 

Sputum V. Homogeneous epithelioid cell foci of small size, with 
very little central necrosis and very few tubercle bacilli. In  the lungs 
and kidneys these loci have lymphoid cell mantles, in the liver well- 
defined connective tissue capsules. 

Horse I. Large foci in lungs, where they are so numerous as to 
coalesce; some large loci in kidneys; smaller ones in the spleen. In the 
liver the foci are represented simply by one or several large giant cells, 
situated within the lobules. Foci large in subcutaneous lymph nodes 
and Peyer's patch. ~Necrosis of the foci quite extensive in all the 
organs excepting the lungs, where it is slight. Tubercl~ bacilli fairly 
abundant in all foci. 
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Bovine V. Large numbers of epithelioid cell loci in lungs, liver and 
spleen. In the latter epithelioid cells are also abundant throughout the 
pulp. Foci small in kidneys. Necrosis under way in lung loci. Tuber- 
cle bacilli very abundant in all loci. 

Taking into consideration the time during which these lesions devel- 
oped, we may epitomize the observed differences as follows: 

In the first rabbit, very gradual development of the tubercles, with 
suppression of the bacilli and reparative changes leading to a stationary 
condition of the disease. In the second rabbit, continuous but not very 
rapid development of tubercles in the various organs. In the kidney and 
spleen evidences of limitation of the foei. No evidence that bacilli are 
repressed. In the third rabbit very rapid appearance of the loci, with 
unchecked multiplication of the bacilli and rapid onset of necrotic 
changes. 

As a matter of some interest there may be briefly mentioned certain 
lesions of the eye in three of the sputum rabbits. In rabbit No. 7, inocu- 
lated with Sputum culture IV, which animal was the only one of all 
the sputum rabbits to succumb (in 35 days), a purulent ophthalmia ap- 
peared in the left eye some time before death. Soon after a slight cloud- 
iness of the cornea of the other eye was noticed. A discharge had 
started in this shortly before death. I did not associate these lesions 
directly with tuberculosis, although later cases make it probable that the 
purulent discharge was secondary to tuberculosis of other parts of the 
eye. At the autopsy I examined the discharge for tubercle bacilli, but 
found no acid-resisting bacilli. 

The second rabbit (~o. 12) inoculated with a culture from the same 
source first called my attention to this localization of the tubercle bacilli. 
In this animal there was noticed some weeks after the inoculation, a 
slight nodular thickening of both lids of the right eye, which slowly 
grew more conspicuous. Vision became impaired by the enlargement 
and gumming together of the lids, so that the rabbit used the other 
eye only. When this animal was chloroformed, 3 flatfish, disk-like, firm 
excrescences were found on the selera at the margin of the cornea, about 
90 ° apart. Of these, as well as of the nodulated lower eyelid, sections 
were made, and both lesions proved to be tuberculous. In both the 
tubercle bacilli were sparingly present. The neoplasm in the eye-ball 
had involved nearly the whole thickness of the sclera. In the eyelid the 
multiple loci were external to the lobules of the Meibomian glands. In 
still another animal eye lesions were found. About 2½ months after 
rabbit To. 16 had been inoculated with Sputum culture V, the lids of 
the left eye were observed to be gummed together. A pasty, yellowish 
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exudate was found under the lids and the cornea was slightly opaque. 
About 3 weeks later the animal was chloroformed and faint whitish spots 
were seen in both eyes, presumably on the iris. Sections of the eye 
hardened unopened in Zenker's fluid confirmed this supposition. Small 
epithelioid tubercles were found in the vascular stroma of the iris as 
well as in one ciliary body. Linear infiltration of the cornea was ob- 
served, starting from the most affected side and extending to the middle 
of the cornea. In its course several sections of vessels were found. A 
similar infiltration had begun from the opposite side. In the foci tuber- 
cle bacilli were very scarce. The infection probably came through the 
blood, as infection from the point of injection on the ear is hardly sup- 
posable, since the lesions here are of the slightest character. The ani- 
mals had been kept separated, and could not have acquired the infection 
from the exterior. The eye of the rabbit thus seems to be a very vul- 
nerable organ, and earlier experimenters have, in a way, chosen by acci- 
dent that organ in this species most likely to give positive results.* 

The divergences noticed when rabbits weighing between 1300 and 
2200 grammes are inoculated into an ear-vein with 0.5 cc. of a well- 
clouded suspension of tubercle bacilli in bouillon are as follows: 

:[. Death of the bovine cases in 17 to 21 days. 
2. Rapid evolution and necrosis of the pulmonary tubercles, with 

very great increase o~ the tubercle bacilli in them. 
3. Death of the sputum rabbits (one explainable exception) did not 

ensue, but after 1½ to 3½ months the original weight had been more 

or less exceeded. 
4. The pulmonary tubercles in the sputum rabbit developed very 

slowly, with very little tendency towards necrosis. The bacilli were 

present in very small numbers only. 
5. The swine and cat cultures are to be classed with the bovine, the 

horse culture stands intermediate. 

* T h e  e y e s  of  S p u t u m  r a b b i t  V I I  w e r e  a f f e c t e d  i n  t h e  s a m e  m a n n e r .  
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Gray Mice. White mice have been pronounced quite insusceptible by 
Koch. Of 5 inoculated subcutaneously with a culture from the monkey, 
12 with a culture from miliary tuberculosis, only one of the first set 
showed a few grayish nodules in the lungs. On the other hand, field- 
mice were found quite susceptible. 

Two parallel tests were made upon gray house-mice with cultures of 
Bovine V and Sputum VI. At the time control inoculations of the 
suspensions used were not made upon guinea-pigs, and subsequent devel- 
opments made it doubtful whether Bovine V was alive. This part of the 
experiment is therefore omitted from the table given below and a later 
experiment with Bovine VI substituted. The suspension used in this 
latter test was employed simultaneously upon 2 guinea-pigs and a rabbit 
with the usual success. 

In the first bovine test the 4 mice inoculated, 2 subcutaneously and 2 
into the abdomen, all died, the first on the 8th and the last on the 37th 
day, without any lesions recognizable with the naked eye. In the cases of 
the 4 mice inoculated with the sputum culture, death ensued between the 
8th and the 40th day. In one of these the lungs contained a number of 
whitish, rather firm, nodules, 1 to 2 ram. in diameter. In sections these 
were found to consist of completely necrotic foci, enveloped by a dense, 
broad zone of pneumonic infiltration, within which all alveoli were filled 
with nuclear debris. A striking feature were the immense numbers of 
rather slender, mainly beaded tubercle bacilli, which occupied not only 
the necrotic centre, but in equal abundance the pneumonic periphery. 
This case proved the vitality of the sputum culture, and the test is there- 
fore inserted in the table below. 

T A B L E  IV. - -GRAY )lICE. 

D e s i g n a t i o n  
of  c u l t u r e .  

S p u t u m  V I  

Bov ine  V I  

T o t a l  age  
of  c u l t u r e .  

I 5 mos.  
27 days.  f 

I 2 m o s .  
18 days.  f 

6 t  

3rd  

Age  of  t 
c u l t u r e  I 

used.  _ 

24 days  / 

13 days  

Dose and  m o d e  of  i n j e c t i o n .  

Mouse  l ,  0.5 ce. s u b c u t . .  

,~ 2, 0.5 ec. - . .  

- 3, 0.25 co. a b d o m e n  

" 4, 0.25 cc. ' ,  

R e s u l t s .  

I Dies  in  54 days,  n o  
t u b e r c u l o s i s .  

Dies  in  40 days,  n o  
t u b e r c u l o s i s .  

Dies  in  8 days ,  n o  
t u b e r c u l o s i s .  

Dies  in  34 days,  t u b e r -  
c les  in  l u n g s .  

- 5, 0.25 cc. s u b c u t . .  C h l o r o f o r m e d  in  37 days  
- 6, 0.25 cc. " . .  " " '~ 
,, 7, 0.25 cc. a b d o m e n  Dies  in  5 days.  
" 8~0.25cc.  " I " " 5 " 

I 
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The second bovine test resulted in the death of the two mice receiving 
the dose into the abdomen, in 5 days. There were no lesions recogniza- 
ble. The two mice inoculated subcutaneously were active up to the 37th 
day, when they were chloroformed. Lesions were not found. 

Pigeons. Fowls and pigeons have been used with success in distin- 
guishing avian from mammalian tubercle bacilli. Hence it was thought 
best to test human and bovine bacilli on pigeons. The cultures used are 
given below in the table. The bacilli, in the form of bouillon suspen- 
sions, were injected into the pleuro-peritoneal cavity, the needle being in- 
troduced caudad of the sternum. In one case the injection was made 
into a wing-vein. The inoculations were in general negative, with tile 
possible exception of that of the swine culture. In  this bird there was 
found hypereemia of the serosa of the intestines, with an eruption of 
scattering, minute grayish dots. There were similar opaque points on 
the air-sac membranes. On the duodenal loop were found some particles 
of viscid exudate composed exclusively of coarsely granular cells. In 
this exudate some tubercle bacilli were still recognized by the specific 
stain. In  some of the other pigeons there were a few opacities of the 
mesenteries and air-sac membranes, with perhaps one or more conspicu- 
ous Peyer's patches. Even in refractory animals, lesions such as these 
might be anticipated where the tubercle bacilli are deposited. 

T A B L E  V.- -PI(~EO~S.  

D e s i g n a .  
t i o n  o f  

c u l t u r e .  

S p u r .  II 6 m o s .  

,, I I I  3 ,, 

Boy .  I I  5 ,, 

S w i n e  I 1 y r .  

S p u r .  V,  

B o y .  V 

H o r s e  I 

T o t a l  a g e  o f  ~ = ~ 
c u l t u r e .  ~ c 

z 

14 d. 9 t h  

19 " 5th 

26 ' ,  9th 

19 " 1 7 t h  

5 m o s .  5 t h  

:l Smos{ Sth 
14 d a y s  

11 m o s .  5 d. l l t h  

A g e  o f  D e s i g n a -  
c u l t u r e  t i o n  o f  I 

u s e d .  p i g e o n .  J 

11 daysl No. 2 / 

11 " " 4 

II " ~' I 

i i  " " 3 

31 " " 5 

24 " " 8 

12 " " 

Dose  a n d  m o d e  
o f  i n j e c t i o n .  

1 cc.  a b d o m e n . .  

1 cc.  ' ,  . 

l e c .  ~ 

I CO. '~ 

~/a CC. w i n g - v e i n .  

1.5 cc.  a b d o m e n .  

7 0.5 cc.  " 

R e m a r k s .  

I C h l o r o f o r m e d  in  45 d a y s :  
n e g a t i v e .  

I C h l o r o f o r m e d  i n  57 d a y s :  
n e g a t i v e .  

I C h l o r o f o r m e d  in  49 d a y s :  
n e g a t i v e .  

" C h l o r o f o r m e d  in  57 d a y s  : 
m i n u t e  e x c r e s c e n c e s  o n  
p o r t i o n s  o f  i n t e s t i n e  a n d  
m e m b r a n e s  o f  a i r - s a c s .  

C h l o r o f o r m e d  in  47  d a y s  : 
n e g a t i v e .  

C h l o r o f o r m e d  in  49 d a y s  : 
n e g a t i v e .  

C h l o r o f o r m e d  i n  50 d a y s :  
n e g a t i v e .  
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Cattle. I t  is a noteworthy fact that, in spite of the great economic, 

agricultural and hygienic interests involved in the diffusion of bovine 

tuberculosis throughout  the world, no experiments upon cattle with 

cultures of the bovine bacillus had been made up to the time of my 

first experiments, published in the Transactions of the Association of 
American Physicians for  :[896. Experiments upon cattle with the 

human bacillus had been made by several observers. A discussion of 

these tests I shall defer to the end of this article, because of certain 

secondary questions, which will be clearer when my tests have been 

described. 

The  results of the inoculation of two heifers into the lungs with 

Bovine culture I and Nasua culture have already been published. ~ 

I t  may  be stated briefly that  the bovine culture produced general 

tuberculosis, ending fatally in 35 days, while the ~asua  (human) cul- 

ture failed to produce any recognizable lesions. 

Dur ing  the warm season of 1897 inoculations were made with 5 

sputum, 1 swine and 4 bovine cul tures  upon as many cattle. :For 

these 10 animals I am indebted to the :~Iassachusetts Board of Cattle 

Commissioners, who have shown much interest in the progress of these 

investigations, because of the need fel t  by  them of more definite infor- 

mation upon the relation of bovine tuberculosis to the human disease. 

The test was carried out in two series, the first including 4, the second 

6 animals. The culture material used was suspended in bouillon, as 

described, the density of the suspension being about the same as that 

of a typhoid culture in bouillon 24 hears  old. In  both series the dose 

was 2 cc. of such a suspension. 

Series I. The 4 animals of this series were inocula*ed with the fol- 
lowing cultures: 

Sputum II, total age 5 months 9 days ; 8th transfer. 
SputumlII " 2 - 15 ,, 4th ,, 
Bovine II, " 5 ,, 2 ,, 5th ,, 
Swine I, - 11 - 23 - 16th - 

The swine culture is probably bovine in origin, and it was used on this 
supposition. Assuming that tubercle bacilli become slowly weakened 

Lee .  cir.  
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in virulence by artificial cultivation, we should endeavor to use cultures 
as fresh and of as nearly the ~ame age as possible. This theoretical 
demand cannot be successfully met, because of the many difficulties sur- 
rounding such work. Of the 4 cultures used, Sputum II  and Bovine II  
are of nearly the same age, while Sputum I I I  is but half as old as they, 
and Swine I more than twice as old. 

In making the injection, the space between the 6th and the 7th rib 
was chosen. The needle was inserted about 3 inches above the level 
of the elbow (olecranon process). It was found subsequently, at the 
autopsy, that the point chosen was too low, and that in all of the animals 
the needle, leaving the lungs intact, pierced the diaphragm. Some of 
the bacilli were discharged into the muscles of the thoracic wall, some 
into the abdominal cavity and some into the pleural cavity. Bearing 
this accident in mind, we may now go to a description of the farther 
history of the inoculated cattle. They were all housed i~ a spacious, 
well-ventilated barn in large commodious horse stalls. A piece of ground 
adjoining the barn was enclosed, and in this the animals spent 6 to 7 
hours a day for about 4 weeks. Thereafter the animals were separated 
into two lots, one lot being out several hours in the morning, the other 
several hours in the afternoon. The two which received the bovine and 
the swine culture were allowed to run together, similarly the two which 
received ~he sputum cultures. I t  might be claimed that there was in 
this arrangement a possible danger of transmitting the bacilli from one 
animal to another and of infecting the ground. There was no evidence 
of this at the post-mortem examination, and the arrangement was con- 
sidered safe at the start because it takes some time for the tuberculous 
tissue to become disintegrated. I t  was, however, deemed prudent not to 
keep the animals longer than 2 months, on account of the imperfect 
isolation. 

In apportioning the cultures to the animals, the sputum cultures were 
injected into the youngest animals, in order that these cultures might 
have any advantage likely to accrue from difference in age. Two year- 
lings (without any permanent incisor teeth) received the two sputum 
cultures, the bovine culture was injected into a heifer about 2½ years old, 
the swine culture into a heifer about 2 years old. 

They were killed and examined at the Brighton (Boston) abattoirs, 
with the co-operation of the Board of Cattle Commissioners, just two 
months after the day of the injection. Before injection, these animals 
had been tested with tuberculin by the Board and found free from tuber- 
culosis. Still, since this agent occasionally allows an animal t o escape 
which contains loci of the disease, attention was directed to this point 
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at the autopsies. No lesion, however, was found which f rom its s i tuation 

and appearance could be referred to any former  spontaneous infection. 

Let  us examine first the effect of Spu tum culture I I  and Bovine cul ture 

I I ,  which were of nearly the same age when injected. 

The  weight  of the yearl ing which had received the sputum culture had 

risen in the two months  f rom 520 to 580 lbs., tha t  of the heifer  f rom 

650 to 710 lbs. There  was no cont inuous fever recognized in ei ther  

animal,  though  the tempera ture  was taken twice a day, morn ing  and 

afternoon. The  fluctuations noticed were evident ly  due to the effect 

of the sun while the animals were in the enclosure. 

The lesions in the yearling were very slight. At the seat of inoculation 
between the 6th and 7th ribs a mass of tubercles attached to pleura about 
1 x ½ inch in dimension, the tubercles composing it partly cheesy, partly 

firm. Near the cephalic border of ventral lobe of right lung, a subpleural 
nodule, not yet necrotic, about 1/s inch in diameter. On abdominal aspect of 
diaphragm, right side, about 24 isolated tubercles ~-l /s  inch in diameter. 

A few similar tubercles on the omentum, which is slightly adherent to the 

large intestine. When adhesion was removed, about 6 or 7 nodules found on 
caecum r~ inch in diameter. Evidently the injection needle had passed 

through the diaphragm into abdomen, depositing some fluid there and some 

in thorax when partly withdrawn. 

The  lesions in the heifer  which had received the bovine cul ture were 

qui te  extensive and were diffused th rough  thorax and abdomen, owing 

to the penet ra t ion  of the d iaphragm by the needle of the in ject ion 

syringe: 

Thorax. The r ight  pleural cavity sho.ws an abundant eruption of tubercles 

along the borders of the ribs. Some of the masses formed are characteristi- 
cally flattish, grape-like and in bulk quite large. One mass measured 8½ x3 
x 1Vz inches. Others of similar dimensions were present. On the lateral mar- 

gin of the right lung a series of loosely attached, flattish neoplasms up to 2 
inches in diameter, besides hypereemie fringes o f  loose connective tissue. 

On the convex surface of this lung only a few tubercles. Large patches of 

tubercles on pericardium and diaphragm. 
In the muscular portion of diaphragm, right side, a mass of tuberculous 

tissue (probably place where needle penetrated) 1½ x 1½ x ½ inch in dimen- 

sion. The caudal of the series of dorsal mediastinal glands about twice 

normal size on account of the presence of many small foei, showing in some 
cases an opaque, yellowish centre. 
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Abdomen. The omentum densely studded with agglomerations of tubercles 
covering the greater part of its surface. These masses vary up to ~2 inch in 
thickness. Similar patches on abdominal aspect of diaphragm and on spleen. 
Fewer patches on gall-bladder and on liver. In one of the portal glands a 
1/~-incb focus, pale, grayish, permeated with small calcareous spicules. 

The examination of sections of the pleural eruptions and of one of the 
dorsal mediastinal glands showed the typical lesion of bovine tubercu- 
losis, with its foci of epithelioid cells and its numerous giant cells con- 
taining a few tubercle bacilli. Any detailed description of these lesions 
would be simply a repetition of familiar facts. 

We have in these cases a wide divergence in the result of inoculation. 
The human bacillus produced a slight eruption of small, tubercle-like 
bodies, which did not present even microscopically the characters of true 
tubercles, while the bovine bacillus produced an exquisite case of pearly 
disease both in thorax and abdomen, with the formation of large, grape- 
like masses in the chest. 

The youngest sputum culture ( I I I )  was injected into a yearling weigh- 
ing 410 lbs. At  the end of two months the weight had risen to 480 lbs. 
The lesions found are slight: 

On the abdominal aspect of diaphragm, r ight  side, a patch of isolated 
tubercles about 2 inches in diameter, the tubercles themselves about 
inch in diameter and about ½ inch apart. They are grayish, opaque. At 
place of inoculation, on serous aspect of ribs, a flatfish neoplasm 1 inch 
in diameter and about ~ inch thick. Other lesions not detected. In  
this case also the needle evidently entered abdomen through diaphragm. 
Sections made f rom the small isolated tubercles on the abdominal surface 
of the diaphragm show them to be  masses of newly forming tissue. They 
consist in the main of spindle-shaped connective-tissue cells running in 
parallel and interlacing groups and richly supplied with vessels. No 
trace of the characteristic tubercle formation or of bacilli, although these 
bodies are evidently due to the bacilli injected. 

The swine culture was injected into a somewhat older animal weighing 
620 lbs. After two months the weight was 660 lbs. The autopsy showed 
the following conditions: 

At place of inoculation (right chest wall) a subcutaneous tumor about 2 
inches in diameter, made up of a very dense connective-tissue sac, ~£ inch 
thick, which encloses a pale yellowish semifluid mass (caseous). There are 
besides this focus, in the same situation, 3 smaller nodules from 1/2 to a/.~ inch in 
diameter, the largest with caseous centre. On the pleural aspect a similar 
½-inch centrally softened focus. 
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I n  nea r l y  t he  cen t r e  of  t he  r i gh t  ha l f  of d i a p h r a g m  a n d  p r o j e c t i n g  into 

a b d o m e n  fo r  ~ inch is a t u m o r  r e p r e s e n t i n g  po r t i on  of  a l a r ge r  focus  in the  

m u s c u l a r  po r t ion  of  the  d i a p h r a g m  a b o u t  1 inch  in d iamete r .  T h i s  focus  is 

l ikewise  caseous ,  diffiuent cent ra l ly .  On all t he  r ibs  of  r i g h t  p l eu ra l  cav i ty  

a re  e r u p t i o n s  of sma l l  tuberc les ,  r e a c h i n g  in s o m e  i n s t a n c e s  a d i a me te r  of  

1/s inch. Bes ides  the  pa lpab le  tuberc les ,  t he r e  is a long  one b o r d e r  of  each  r ib  

a l ine of  v a s c u l a r  f r i nges  of  connec t ive  t i ssue .  I n  m a n y  of t h e s e  f r i n g e s  

t ube rc l e s  are  no t  noticed,  a l t h o u g h  the  f r i n g e s  t h e m s e l v e s  a re  ev iden t ly  a 

r e su l t  of the  inject ion.  

A long  the  l a t e ra l  b o r d e r  of  t he  r i g h t  l u n g  s im i l a r  v a s c u l a r  f r i n g e s  of  t i s s u e  

c o n t a i n i n g  tuberc les .  T h e s e  f r i nges  ex tend  d o r s a d  for  a b o u t  2 inches  on 

v e n t r a l  and  cephal ic  lobes. 

Diffuse e rup t i on  of m i n u t e  t ube rc l e s  on p l eu ra l  a spe c t  of  d i a p h r a g m ,  r i gh t  
half .  

L a r g e  cauda l  m e d i a s t i n a l  g l and  con t a in s  l a rge  n u m b e r s  of  tuberc les ,  v a r y i n g  

in size f r o m  m e r e  po in t s  to those  ~/s inch  in d i a m e t e r  a n d  s h o w i n g  b e g i n n i n g  

necros i s .  L e f t  b ronch ia l  g l and  severa l  t i m e s  n o r m a l  size. V e n t r a l  medias t i -  

ha l  g l and  seve ra l  t imes  n o r m a l  size a n d  c o n t a i n i n g  severa l  large,  cen t ra l ly  

ca seous  loci. One  m e s e n t e r i c  g l and  con ta in s  s eve ra l  sma l l  necrot ic  tuberc les .  

In this case many of the bacilli had been deposited in the fleshy portion 
of the diaphragm and some under the skin, and had thus been prevented 
from exerting their greatest power. Sections were made of the sub- 
cutaneous loci, the anterior mediastinal and bronchial lymph-glands and 
of the vascular fringes on the pleural aspect o f  the diaphragm. The 
glandular and subcutaneous lesions are characteristically tuberculous, 
with a greater tendency towards necrosis and disintegration of the 
tubercles than in the animal inoculated with Bovine culture II. The 
lesions of the serous membranes are more vascular and show greater 
tendency toward the formation of connective tissue around the minute 
tubercles. In general this culture must be considered less potent than 
the bovine culture. Whether this is due to the more prolonged artifi- 
cial cultivation or to the species through which the bacillus had passed 
remains unsettled. 

Series II. In this experiment three sputum and three bovine cul- 
tures, recently isolated, were used. The bovine cultures were of nearly 
the same total age. The sputum cultures differed somewhat from them 
and from one another in this respect. 

Spu tum IV, total age 6 months  10 days, 7th transfer.  
,, V, " 1 month  19 ,~ 3rd ,, 
,, VI, '~ 1 ,, 1'~ ,, 3rd ,, 

Bovine I I I ,  ,' 4 months  7 ,, 5th " 
,, IV, " 4 " 3 - 5th ,, 
,, V, ,' 4 ,, 3 - 5th ,, 
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The cultures used for the injection were all 9 days old, grown on the 
same lot of dog's serum. Control inoculations of guinea-pigs and rabbits 
will be found on tables I I  and III .  The animals at my disposal, unfor- 
tunately, varied considerably in age, and in assigning the cultures the 
advantage was given to the human cultures: 

S p u t u m  IV,  y e a r l i n g ,  525 lbs . ,  no  p e r m a n e n t  i n c i s o r  t e e th .  
B o v i n e  I I I ,  " b u l l ,  645 lbs . ,  no  p e r m a n e n t  i n c i s o r  t e e th .  
S p u t u m  V, cow,  6751bs . ,  a b o u t  4 y e a r s o l d .  
B o v i n e  IV ,  ,, 850 ', " 1~ " 
S p u t u m  VI ,  cow,  865 lbs . ,  a b o u t  31//~ yea r s  old.  
B o v i n e  V, " 875 - " 6 " 

The injection of the cultures was carried out as in Series I, except- 
ing that the point of insertion of the needle was chosen higher up, about 
11 inches above the elbow of the animal when in the standing position, 
between the 7th and 8th ribs. The length of the needles used was about 

inches. The care of the animals was the same as that bestowed on the 
preceding lot, excepting that the bovine and the sputum animals were 
kept separate in the out-door enclosure from the start, the one lot being 
out in the morning, the other Jn the afternoon. They were kept two 
months, with the exception of the young bull, which died 17 days after 
the inoculation. The four cows of this lot gave at the start altogether 
about 8 quarts of milk. The secretion was slowly dried up, so that in the 
sixth week a very little, amounting perhaps to one quart in two days, 
was removed. The milking was continued chiefly to prevent any udder 
troubles during the experiment and to maintain normal conditions. 
The temperature was taken but once a day, at noon. 

In  comparing the temperature records of these 6 animals it  was 
noticed that the three animals which received the bovine cultures had a 
high temperature immediately after the inoculation, which lasted until 
the death of the bull and about three weeks for the remaining two ani- 
mals. At the same time no such elevation of temperature was recorded 
for the animals receiving the three sputum cultures. There was but 
one well-defined rise of temperature in the case of the yearling, from the 
13th to the 16th day after inoculation. The other irregularities are 
probably due to the fact that the temperature was usually taken after 
these animals had been in the enclosure in the sunshine for several hours. 
Those with the high temperature were kept much of the time in the cool 
barn in the morning, which probably depressed the fever curve some- 
what. After the period of fever, no  other elevations were noted up to 
the close of the experiment. 
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The young bull, inoculated with Bovine culture III ,  showed be- 
sides the prompt onset of a high temperature, general and local dis- 
turbances about a week after the inoculation. The breathing became 
rapid, the appetite had partly gone. Emaciation and weakness super- 
vened. He was unable to get up September 11, and died the following 
night. 

The autopsy revealed a severe miliary tuberculosis of both lungs with 
marked congestion and (edema of the organ. Normal collapse no longer 
possible. The associated lymph-glands were much enlarged and infil- 
trated with minute tubercles. Patches of minute tubercles were found 
on the pleural covering of ribs snd on the omentum. Sections from the 
lungs, dorsal mediastina] glands, plenral neoplasms, liver, spleen and 
kidneys were examined. In the lungs, mediastinal glands and pleural 
neoplasms, t~bercles were very numerous, in the liver less abundant. 
In the kidney sections none were seen. In these different situations the 
tubercles presented nearly the same peculiar features, which distin- 
guished them readily from the tubercles of the spontaneous disease in 
cattle. To make the differences clearer, a brief description of the lesions 
in a spontaneously diseased lymph-gland may not be out of place. 

A rarefied area within the follicle containing a few nuclei having the 
chacacters of endothelioid nuclei and belonging to what are generally 
known as epithelioid cells, which are imbedded in or whose outlines are 
fused with a matrix appearing either homogeneous or else very delicately 
reticulated. In larger foei this rarefied area contains also one or more 
giant cells whose body is frequently seen merging by prolongations into 
the reticulated matrix of the tubercle. Among the epithelioid nuclei 
are isolated nuclei closely resembling those of lymphoid cells. Tubercle 
bacilli are, as a rule, scarce and situated usually within giant cells. The 
largest loci are centrally necrotic, that is, they contain a coarse trabecular 
matrix staining with eosin and picric acid and containing scarcely any 
nuclei and very little, if any, fragments of nuclear origin. In this mass 
tubercle bacilli are rarely found. In the lesions of the bull the tubercles 
have in the first place no giant cells. The new tissue appears to be made 
up of cells resembling the usual epithelioid cells of tubercle, but much 
more crowded together and with less definition of the cell outlines. The 
nuclei are mostly distorted, drawn out, band-like or horse-shoe-like, and 
twisted into various bizarre forms. Condensation and fragmentation of 
the nucleus are also seen. In the tubercles in all situations much fibrin 
is demonstrated by Weigert's stain. This is especially distinct in the 
liver tubercles. Here the intercellular substance from material har- 
dened in alcohol stains deeply in eosin. In sections subjected to Wet- 
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gert's fibrin stain, this substance is blue, appearing" throughout the 
tubercle both as a delicate mesh and as very coarse trabecu]~e. In 
material hardened in Zenker's fluid the fibrin stain is less pronounced. 
In all the tubercles, large numbers of tubercle bacilli are present. These 
differences are probably due to the rapidity of the process. 

On October 27, the remaining five animals were killed at the Brighton 
abattoirs, with the co-operation and assistance of the Board. The three 
sputum animals had all gained in weight: 

Yearling (Sputum IV) from 525 to 610 lbs. 
Cow (Sputum V) from 675 to 750 lbs. 
Cow (Sputum VI) from 865 to 960 lbs. 

Sputum cul ture  IV. One p e r m a n e n t  incisor on the  r ight  has  appeared  since 

d a t e  of inoculation. In utero a foetus about  three  months  olil. At  point  of 

inoculat ion in the subcutaneous  t issue a small  nodule about  ½ inch in diame- 

ter  wi th  conten ts  soft, cheesy. At tached  to this  is another ,  smal ler  nodule 

abou t  ½ inch in diameter .  

On the  r ight  s ide of ches t  wall, pleural  aspect,  there  are  a t t ached  along the  

s i x  caudal  ribs, sof t  dark  red, pendulous masses  of newly-formed,  highly 

vascular  connect ive tissue. At  point  of inoculation, be tween  7th and 8th 

ribs, a flatfish pediculated mass  of t i ssue  of b rownish  red color. On the  10th 

r ib  ano the r  mass  about  ~ inch in diameter .  The lef t  side of tho rax  is normal.  

Right  lung. O n  the  smal ler  (cephalic and ventral)  lobes, newly formed,  

del ica te  f r inges  of hypersemic connect ive t issue,  which  appears  also along the 

free la teral  marg in  as a del icate band about  ½ inch broad, as well as on a 

port ion of the  convex sur face  of the  lung, occupying exclusively the  lines 
represen t ing  the  boundar ies  of the  lobules. 

In the  large caudal  lobe, which  is similarly beset  wi th  the  vascular  fr inges,  

a tumor,  r ep resen t ing  the  place where  needle pene t ra ted  the  lung tissue, 

pro jec t ing  sl ightly above the  convex surface,  is found two inches f rom the  

caudal  tip. This  tumor,  about  ~ inch in diameter ,  conta ined a completely 

d i s in teg ra ted  mass  and about  a dozen sur rounding  loci, ~ to ~ inch In 

d iameter ,  wi th  yellow sof tened centres.  On the  margin  of this  same lobe, in 

addit ion to the  vascular  fr inges,  are  four  firm masses  of gray ish  tissue, 

smooth, flattish, a t tached  by pedicles to the marg in  of the  lobe. The diame- 
t e r s  of the  larges t  are  ~A and ½ inch. 

On large (caudal) lobe of lef t  lung there  is only a very  little deve lopment  

of vascular  fr inges.  Imbedded  in the  same lobe near  la teral  margin  is a 

uni formly grayish,  sl ightly t rans lucen t  mass,  sharp ly  defined f rom the envel- 

vp ing  normal  lung tissue. Sections of this  focus showed a peculiar lymphoid  

s t ruc tu r e  of the  tumor,  in the cent re  of which a paras i te  was  lodged. Not 
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hav ing  any  relat ion to the  inocula t ion  disease,  it need not  be f u r t h e r  dis- 

cu~sed. 

A t t a c h e d  to the  cephalic lobe of the  left  l ung  by a pedicle is a small ,  

f lat t ish,  smoo th  m a s s  of new  t issue.  

The  pleura l  a spec t  of d i a p h r a g m  a nd  port ions of the  pe r i ca rd ium are  cov- 

ered w i th  a reas  of t he  h igh ly  v a s c u l a r  neoplas t ic  t i ssue .  In  some, smal l  

nodules  can  be fel t  a t  the  f ree  e x t r e mi ty  of th i s  t i ssue.  

On the  r igh t  ven t r i cu l a r  su r f a c e  of the  h e a r t  four  f iat t ish,  pedicula ted  

m a s s e s  abou t  as  l a rge  a s  split  peas  are  a t tached .  

T h e  va r ious  l ymph-g l and  s y s t e m s ,  ven t r a l  a nd  dorsa l  med ia s t i na l  and  

bronchia l  g lands ,  do not  show the  p resence  of tuberc les  or a ny  a u g m e n t a t i o n  

in size. 

Of th is  case, sec t ions  of the  p r imary  l ung  focus,  of two of the  pedicula ted  

bodies (one f rom the  lung,  one f rom the  rib) and  of t he  v a s c u l a r  f r i nges  f rom 

the  la te ra l  border  of the  l ungs  were  examined .  

T h e  smal l  loci immed ia t e ly  border ing  t he  d i s in t eg ra t ed  p r i m a r y  focus  va ry  

f rom 0.2 to 2 ram. in d iameter .  The  sma l l e s t  do no t  differ essent ia l ly  f rom 

ord ina ry  tubercles ,  except ing  in the  scarc i ty  of g i a n t  cells. T h e  l a rge r  ones  

are  cent ra l ly  necrotic,  w i th  a m a r k e d  t endency  t o w a r d s  encapsu la t ion  on the  

pe r iphery  by the  condensa t ion  of c i rcular ly  disposed,  fus i fo rm,  connect ive-  

t i s sue  cells. In  the  sma l l e s t  tubercles ,  bacilli  are  scarce, in t he  l a rges t  t hey  

are  n u m e r o u s  wi th in  the  necrot ic  centre ,  w he re  they  a ppe a r  as  s lender ,  o f ten  

bent ,  s o m e t i m e s  f r a g m e n t e d  a nd  ra the r  feebly  s t a ined  rods. In  the  su r round-  

ing  epithelioid Zone a f ew wel l -s ta ined  bacilli  are  present .  P a s s i n g  f rom the  

p r i m a r y  place of deposit ,  t he  only o ther  les ions  a re  those  of the  pleura.  The se  

occur  in two forms,  as  v a s c u l a r  f r i nges  a nd  as  firm, smooth ,  ped icu la ted  

bodies, some f iat t ish,  like p u m p k i n  seeds  in size and  outline.  

The  v a s c u l a r  f r inges  occur:  1. As  me re  endothel ia l  tubes ;  2. As suc h  envel- 

oped by a layer  of w a v y  fibril lar t i s sue  and  covered wi th  a layer  of endothe-  

lial cells; and  3. As  vesse l s  s h e a t h e d  wi th  a zone of round  cells, p ro l i fe ra t ing  

endothel ia l  and  connec t ive - t i s sue  cells in  addi t ion  to the  fibrillax t i ssue .  

Acidophile,  po lymorphous  leucocytes  are  p r e s e n t  here  and  the re  t h r o u g h o u t  

the  g r anu l a t i on  t issue.  Mi toses  a re  occasional ly  seen. A f t e r  a prolonged 

sea rch  t h r o u g h  7 sections,  one m i n u t e  raref ied a r e a  is detected.  In  it evi- 

den t ly  a tuberc le  baci l lus  wi th  long ax is  nea r ly  a t  r i gh t  ang les  to t he  section. 

The  va scu l a r  f r i nges  f rom the  thoracic  aspec t  of t he  d i a p h r a g m  are  like 

those  f rom the  lungs .  In  the  f o r m e r  no signs, of t u b e r c l e  fo rmat ion .  

Sect ions f rom one of t he  n e o p l a s m s  a t t a c he d  to t he  r ibs show two fa i r ly  

d i s t inc t  regions,  an  ou te r  of dense  connect ive  t i s sue  and  an  inner  m a d e  up 

of loci of lympho id  e l emen t s  and  a cent ra l  necrot ic  core. Th i s  la t te r  body 

w a s  ev ident ly  a v a s c u l a r  offshoot of the  pleura ,  which,  before  necrosis ,  ha d  

a t t ached  to or imbedded  in it m a n y  lympho id  cells, for  t h e  necrot ic  core con- 

t a ins  m u c h  nuc lea r  m a t t e r  t r aceab le  to such  cells. Th i s  core is pa r t ly  envel- 
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oped by a r ing  of epitheliod cells wi th  nuc leus  at  the  outer  f ree  end, like 

those  a round  a fo re ign  body. Some are  m u l t i n u c l e a r  a nd  re semble  g i a n t  cells. 

In the  zone i m m e d i a t e l y  ou ts ide  of th i s  cel lular  r ing  are  severa l  charac te r i s t i c  

g i an t  cells. T h e r e  a re  no tuberc le  bacilli, nor  is there  a ny  t i s sue  recognizable  

as  epithelioid a n d  identif iable as  tubercle.  

Sputum culture V. Cow about 4 years old. In utero a foetus 3 to 4 
months old. 

D e v e l o p m e n t  of v a s c u l a r  f r i nges  a long ~ne boi~ler of r ibs  of t he  r igh t  side 

of t ho rax  as  in p reced ing  case,  bu t  a m o u n t  re la t ive ly  sl ight .  In t he  inter- 

costal  musc l e s  a t  the  point  of inocula t ion a m a s s  of  p e r h a p s  a dozen smal l  

g r a y i s h  tubercles .  

I n  the  la rge  cauda l  lobe of the  r igh t  lung,  in the  s a m e  s i tua t ion  as  in preced- 

ing case,  a p ro jec t ing  t u m o r  abou t  1 inch in d iameter .  W h e n  incised it  is 

found  composed  of two a/z-inch foci of d i s in tegra ted ,  cheesy-visc id  m a t t e r  

enclosed in thin,  smoo th  capsules .  No s u r r o u n d i n g  infi l t rat ion.  Along the  

m a r g i n  and  on t he  cauda l  s u r f a c e  of th is  lobe, s l igh t  deve lopmen t  of  pendu-  

lous v a s c u l a r  t i s sue  and  a sess i le  tuberc le  abou t  4 ram. in d iameter .  On the  

left  cauda l  lobe only very  s l igh t  p roduc t ion  of v a s c u l a r  t issue.  

On the  s u r f a c e  of one of t he  middle  dorsa l  med ia s t i na l  g l a nds  an  a gg re ga -  

t ion of m i n u t e  tubercles ,  the  whole  abou t  ½ inch in d iameter .  I m b e d d e d  in 

the  cortex of the  s a m e  g land  two  m i n u t e  tubercles .  

In  th i s  a n i m a l  the  d i sease  of the  middle  med ia s t i na l  gland,  a l t h o u g h  Very 

sl ight ,  is s h o w n  in  sec t ions  to be tuberculos is .  The  lesions a re  not  to be 

d i s t i ngu i shed  f rom those  of the  spon t a ne ous  d i sease  in cattle,  except ing  in 

the  p resence  of cons iderab le  n u m b e r s  of tuberc le  bacilli. The  tuberc les  them-  

se lves  con ta in  the  u s u a l  n u m b e r  of g i a n t  cells, a nd  the  l a rges t  ones  are  

cent ra l ly  necrotic,  t he  necrosed  m a s s  be ing  indis t inc t ly  fibrillar in charac te r ,  

s t a i n ing  deeply wi th  eosin a nd  devoid of nuc lea r  debris .  T h e  bacilli in th i s  

m a s s  s t a i n  r a t h e r  feebly  w h e n  compared  wi th  the  deep s ta in  of t hose  in 

the  g i an t  cells on the  pe r iphe ry  of the  tubercle.  Th i s  lesion will be a ga in  

re fe r red  to in s u m m i n g  up the  expe r imen t s .  

Cow (Spu tum cu l tu re  VI). In  u tero  a foetus abou t  fou r  m o n t h s  old. 

W i t h i n  the  t h o r a x  on the  r igh t  side, be tween  the  7th a nd  8th ribs, is a small ,  

pedieula ted,  b lack i sh  (htemorrhagic)  m a s s  of firm t i s sue  a bou t  as  la rge  as  a 

p u m p k i n  seed, a n o t h e r  on t he  10th rib. On mos t  of t h e  r ibs beh ind  the  7th 

a re  ge la t inous- looking  pendu lous  va sc u l a r  f r inges  of neoplas t ic  t i ssue.  On 

t he  p leura l  su r f ace  of the  d i a p h r a g m  a s imi la r  deve lopmen t  of v a s c u l a r  

t i s sue  and  severa l  firm, ped icu la ted  m a s s e s  like those  on ribs.  

Of  t he  r i gh t  l u n g  the  cephal ic  lobe s h o w s  ve ry  s l igh t  f o rma t ion  (~f m a r g i n a l  

f r inges .  In  t he  ven t r a l  lobe w hose  tip is a d h e r e n t  to t h e  per icardia l  fat ,  a 

un i fo rmly  g ray i sh ,  sha rp ly  defined focus  1/~ inch in d iameter .  
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In the same situation as in the preceding eases the caudal lobe shows a 
slightly projecting tumor about 1 ~  inches in diameter externally. When in- 
cised it is found to consist of a smooth-walled sac 11/~ inches in diameter, con- 
taining a yellowish curdy mass, logether with a little turbid fluid. No sur- 
rounding infiltration. On the convex surface of this lobe there is a slight 
growth of vascular tissue. Near the caudal tip a flattish mass, part ly yellow- 
ish, partly blackish, attached by loose tissue to the margin of the lobe. I t  is 
about 1 inch long and ½ inch thick. 

In the abdomen, a flattish, sessile mass of pinkish-gray tissue about a/~ inch 
in its longest diameter, attached to omentum. 

I n  this  animal ,  sections of the  grayish  focus in the  vent ra l  lobe of 
the  r igh t  lung  and of the  suspicious sessile mass on the  omentum demon-  
s t ra te  the  fact  t ha t  both  lesions are parasi t ic  in origin and due to the  
same cause as the  lung  focus in cow inocula ted  with S p u t u m  IV.  Bo th  
loci  are made up of spher ica l  agglomera t ions  of l ympho id  cells, in the 
centre  of which  the  paras i te  is s i tuated.  

The  largest  of the  pendulous  masses f rom the  lungs was examined 
microscopical ly  and found  to be s imilar  in s t ruc ture  to those a l ready 
described.  I t  consists chiefly of a connective-t issue s t roma of in te r lac ing  
fibres in which are imbedded  many  capil laries.  Sca t te red  t h r o u g h  the  
inner  half  of the  mass are qui te  smal l  foci of ep i the l io id  and lymphoid  
cells, bu t  g ian t  cells are absent.  I n  these loci,  a few tuberc le  baci l l i  are 
found.  The  pe r iphery  of th is  pendulous  mass consists of c i rcMarly  con- 
densed connect ive tissue, benea th  which is a homogeneous,  somewhat  
r e t i cu l a t ed  substance,  s ta in ing  well wi th  eosin and enclosing a few tuber -  
cle bacill i .  I t  is p robably  a layer  of f ibr in undergo ing  hya l ine  degenera-  
t ion.  Smal l  areas of i t  are st i l l  s ta inable  with Weiger t ' s  f ibr in stain. 

Of the  th ree  animals  receiving bovine tuberc le  cultures,  the  fate  of one 
(young bul l  No. 71) has a l ready been given. The  two o ther  cases re- 
ma ined  s ta t ionary  in  weight :  

No. 8 8 - - o r i g i n a l  weight  850 lbs.; weight  at  end of exper iment  850 lbs. 
No. 6 3 - - o r i g i n a l  weight  875 lbs.;  weight  at  end of exper iment  870 lbs. 
The  autopsy notes are  in  br ief  as follows: 

No. 63 (Bovine culture V). White  cow, spotted with red. Horns sawed off. 
Probably six years old. Foetus in utero about two months old. 

Thorax. Right lung adherent to chest wall  in several places. At point of 
inoculation, between 7th and 8th ribs, an excrescence of the costal pleura 
about ~ inch in diameter, of dense, pearly-looking connective tissue enclos- 
ing a disintegrated mass. Numerous masses and aggregations of small tuber- 
cles on all ribs. These masses in some cases are several inches in length. 
The left side of thoracic wall, below the level of the point of inoculation on 
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t he  opposite side, is covered wi th  a un i form,  p ink i sh -g r a y  deposi t  of ve ry  

m i n u t e  tubercles .  E r u p t i o n s  of tuberc les  on p leura l  s u r f a c e  of d i a p h r a g m  

and  on p leura l  cover ing  of dorsal  me d i a s t i na l  space. 

On cauda l  lobe of r igh t  l ung  a cons iderab le  n u m b e r  of  t u b e r c u l a r  ma s se s ,  

f lat t ish,  sessile,  f rom Ys to % inch in d iameter .  Be tween  the  cephalo- la tera l  

border  of th i s  lobe and  the  pe r i c a rd ium is a m a s s  of ne w ly  fo rme d  t i ssue ,  

dense,  in w h i c h  a re  imbedded  m a n y  m i n u t e  yellow tuberc les  a nd  m a s s e s  of 

per icard ia l  fa t .  The  whole  is abou t  as  la rge  as  a fist. I t  b i nds  t h e  l ung  

t i ssue ,  pe r i c a rd ium and  d i a p h r a g m  together .  M a n y  tuberc les  on the  cauda l  

s u r f a c e  of th i s  s a m e  lobe. T h e r e  is no d i s t inc t  focus  in th is  lobe as  a r esu l t  

of  the  inject ion,  and  it  is p robable  t h a t  m u c h  of the  fluid w a s  depos i ted  in 

the  p leura l  cavi ty .  B u t  pa lpa t ion  reveals  t h r o u g h o u t  both  l ungs  smal l  shot-  

like bodies in close p rox imi ty .  On section n u m e r o u s  yellow tuberc les  f rom 

~ to 1~ inch  in d i ame te r  a re  f ound  imbedded  in the  l u n g  t i s s u e  of all 

lobes. 

T h e  dorsal  med ia s t i na l  l y m p h - g l a n d s  are  all s eve ra l  t i m e s  the i r  n o r m a l  

d imens ions .  T h e y  con ta in  m a n y  coalesc ing  yel low tuberc les .  T h e  ven t r a l  

(anterior)  med i a s t i na l  g l a n d s  axe s imi la r ly  en la rged  a nd  the  cu t  s u r f a c e  

s h o w s  a u n i f o r m l y  cheesy  pa xe nc hyma .  

Minu t e  g r a y i s h  po in t s  u n d e r  t h e  capsu le  of the  liver. 

In the  spleen,  all Ma lp igh i a n  bodies c o n v e r t e d  into tuberc les  w i th  yellow 

opaque  centre .  In  le f t  k idne y  severa l  m i n u t e  g r a y i s h  tubercles .  

Of th i s  case, sect ions  of the  l e f t  lung,  lef t  costa l  p leura ,  the  large  cauda l  

m e d i a s t i u a l  g l and  a n d  the  sp leen  were  examined .  

The  tuberc les  f r om the  l ungs  do not  differ f r om those  found  in spon taneous  

tuberculos is .  T h e  cen t re  is a s  a rule necrotic a nd  con ta ins  a f ew tuberc le  

bacilli. Outs ide  of th i s  is a zone of nuc lea r  f r a g m e n t s  and  ent i re  nuclei ,  shad-  

ing  off into a per iphera l  zone of epithelioid a nd  lympho id  cells a n d  cells w i th  

sp ind le - shaped  nuclei.  G ian t  cells a re  p r e se n t  in nea r ly  all t h e  tubercles .  

T h e  new  g r o w t h  on the  left  s ide of the  t h o r a x  cons i s t s  essen t ia l ly  of newly  

fo rmed  v a s c u l a r  f r inges ,  in w h ic h  are  imbedded  m i n u t e  tuberc les  w i th  scarce  

bacilli  and  occasional  g i an t  cells. 

In  the  cauda l  med i a s t i na l  g l and  the  tuberc les  va ry  f rom a m e r e  g i an t  cell 

to those  2 ram. in d i a m e t e r  a nd  cen t ra l ly  necrosed.  T h e  l a t t e r  a re  like those  

in  the  l ung  t issue.  T h e  bacilli in some  necrot ic  loci a r e  n u m e r o u s ,  in o the r s  

f ew in n u m b e r .  

In  the  sp leen  t h e  follicles conta in  epithelioid cell loci, s ome  of w h ic h  are  

cen t ra l ly  necrosed  and  wh i c h  con ta in  m a n y  bacilli. 

No. 88 (Bovine cu l tu re  IV). Red a nd  whi t e  cow. Te e th  very  m u c h  worn,  

p robab ly  12 yea r s  old, dehorned .  Not p r e gna n t .  

No depos i t  in subcu t i s  a t  po in t  of inoculat ion.  The  e rup t ions  of tuberc les  

on t he  costa l  p l eu ra  of the  r i gh t  a nd  t he  lef t  s ide  are  in c ha r a c t e r  very  m u c h  

like those  of t he  preced ing  case  (No. 63), bu t  less  ex tens ive .  
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Right lung. Lobes a d h e r e n t  to per icardium.  Adhes ions  readi ly  severed. 
On convex sur face  of the  cauda l  lobe of th i s  side a cons iderable  n u m b e r  of 

f latf ish sessile tuberc les  f rom ?(~ to ~/~ inch broad.  The  cauda l  aspect  of 

th i s  lobe is s imi lar ly  beset  wi th  them. bu t  in less a b u n d a n c e .  Along the  

m a r g i n  of th i s  lobe are  loosely a t tached ,  small ,  e longated  masses  of tubercles .  

A t  the  same  s i tua t ion  in th i s  lobe as in the  s p u t u m  cases, t he re  is a fluc- 

t u a t i n g  tumor ,  abou t  two  inches in diameter ,  s l ight ly  project ing.  I t  consis ts  

of a capsule  w i th  near ly  smooth  wal ls  enclosing a sof t  caseous mass.  I t  is 

su r rounded  by  a zone of smal l  necrot ic  tuberc les  and  w i th  lobules  con ta in ing  
n u m e r o u s  minute ,  g ray i sh  foei. 

On the  cephal ic  lobe of the  r igh t  h m g  are  a cons iderable  n u m b e r  of gray ish  

tubercles .  T h r o u g h o u t  all lobes are  sca t t e r ing  tuberc les  in the  lung  tissue. 

some ve ry  minute ,  o the r s  l a rger  and  opaque, ye l lowish  in color. 

T he  p leu ra  in  the  dorsa l  med ias t ina l  space is bese t  w i th  a l a rge  n u m b e r  

of smal l  tuberc les ;  s imi la r ly  the  per icard ium.  The  r igh t  ha l f  o1 the  dia- 

p h r a g m  is bese t  w i t h  f la t tened  aggrega t ions  of tubercles .  Be tween  the  ven- 

t r a l  lobe of the  r igh t  lung  and  the  per icardium,  and  f a s t e n i n g  t h e m  together ,  

is a mass  of newly  fo rmed  connec t ive  t i s sue  and  fa t  enclosing n u m e r o u s  

sof tened  loci. 
T he  la rge  dorsal  med ias t ina l  lymph  g land  is en la rged  and  con ta ins  a large 

n u m b e r  of yellow tubercles .  T h e  cen t ra l  por t ion  of the  g land  is un i fo rmly  

caseous. I n  the  lef t  b ronch ia l  g land  a smal l  n u m b e r  of tubercleg;  in  the  

v e n t r a l  med ias t ina l  g l ands  a cons iderab le  number .  Organs  of the  abdomen  

a p p e a r  f ree  f rom tubercu lous  changes .  Of th i s  case only t he  tuberc les  dis- 

s emina t ed  t h r ough  the  lungs  were  examined  microscopically.  Fo r  th i s  pur- 

pose the  lef t  l ung  was  chosen.  The  tuberc les  a re  small,  compac t  Up to 1 ram. 

in d iameter .  In  s t r u c t u r e  they  are  ind i s t ingu i shab le  f rom the  spon taneous  

bov ine  tubercles .  The  bacill i  in them are  few in number ,  r a t h e r  short ,  th ick  

a n d  deeply stained.  

A s u m m a r y  o f  t h e  o u t c o m e  of  t h i s  l a s t  e x p e r i m e n t  m a y  n o w  b e  

m a d e .  T h e  p o i n t s  of  d i f f e r e n c e  b e t w e e n  t h e  i n o c u l a t i o n  d i sease  pro-  

d u c e d  b y  b o v i n e  a n d  b y  h u m a n  ( s p u t u m )  b a c i l l i  a r e  s e v e r a l .  

1. T h e  b o v i n e  cases  e i t h e r  r e m a i n e d  s t a t i o n a r y  i n  w e i g h t  o r  l ~ t  

s l i g h t l y ,  w h i l e  t h e  s p u t u m  cas¢~ g a i n e d  7 5  to  85  p o u n d s .  S t i l l ,  t h e  

a g e  o f  o n e  o f  t h e  b o v i n e  cases  m a y  b e  p a r t l y  r e s p o n s i b l e  f o r  s t a t i o n a r y  

w e i g h t .  

7. T h e r e  w as  m a r k e d  f e v e r  i n  t h e  b o v i n e  cases  f o r  t h r e e  w e e k s  

a f t e r  t h e  i n o c u l a t i o n ;  p r a c t i c a l l y  n o n e  i n  t h e  s p u t u m  cases.  

3. T h e r e  w e r e  w e l l - m a r k e d  d i f f e r e n c e s  i n  t h e  l e s i o n s  p r o d u c e d .  

I n  t h e  s p u t u m  cases  t h e  l e s i o n s  a r c  n e a r l y  t h e  s a m e  a n d  c o n s i s t  i n :  
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(a) A tumor in the right caudal lobe of the lung, about 1 inch in 
diameter, projecting somewhat above the surface of the lung. This 
represents the place where the needle penetrated into the lung tissue 
and deposited the tubercle bacilli. In  each case the contents of this 
tumor were softened and converted into a curdy mass, enclosed in a 
thin-walled capsule, smooth internally. The disease was not spread- 
ing from this point nor were tubercles visible in the lymph glands of 
the lungs and thorax, excepting in one gland of No. 39 (Sputum V). 

(b) The free margin of the right lung and the pleural covering 
of the ribs on the right side were beset with a new formatio~a of loose 
vascular fringes or shreds in which in only one ease some minute 
nodules could be felt, and some flattish, pedieulated masses, which did 
not resemble tubercles at all histologically, or which were only abor- 
tive forms of the same. 

Among the bevine cases we have the following characteristic points 
to note : 

(a) Disseminated tuberculosis of .+he lungs, severest and fatal in 
No. 71, the youngest; least pronounced in the oldest, No. 88. Asso- 
ciated with this a leeal disintegrated focus in the lungs of No. 88. 

(b) Tubercular deposits on lungs, pericardium, diaphragm and the 
ribs, resembling closely the product of the natural disease in cattle. 
Extension of the eruption to the costal pleura of the left side. 

(c) Extensive tuberculosis of all or nearly all the lymph glands of 
the thorax, including both mediastinal chains. 

(d) Slight tuberculosis of other organs, spleen, liver, kidney, in 
two out of three cases. 

A summary of the three separate tests on cattle (including the 
published experiment), in which twelve animals were used, shows that 
6 animals were inoculated with human bacilli, 5 with bovine bacilli; 1 
animal was inoculated with swine bacilli. 

Of the sputum cases, 1 showed no disease; 2 showed very slight 
lesions; 3 showed only local lesions without dissemination. 

Of the bovine cases, 2 died of generMized disease; 2 showed exten- 
sive lesions; 1 showed less extensive lesions. 

In  the swine case the lesions were less extensive than in the bovine 
cases. 
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ON THE SIGNIFICANCE OF VARIETIES AMONG TUBERCLE BACILLI. 

The foregoing experiments, while they show unmistakably the 
close re]atiouship existing among the various cultures studied, never- 
theless justify us, if only to guide and stimulate further study, in 
establishing a distinctively human or sputum and a bovine variety 
of the tubercle bacillus. I t  might be better to omit the host desig- 
nation of such varieties, in order to anticipate assumptions that they 
are necessarily limited to the host whose name they hear. Still, the 
convenience of using the host's name is so great that  I shall succumb 
to it. The characters upon which the bovine variety may be based 
reside, morphologically, in the invalqab]y short, straight form and 
in the greater resistance of this form to modifying influences of cul- 
ture-media; biologically, in a greater resistance to artificial cultivation 
an& in a much greater pathogenic activity towards rabbits, guinea- 
pigs and cattle. 

There is proof, furthermore, of the existence o.f slightly varying 
characters even within the varieties proposed. Among the bovine 
forms studied, slight variations in virulence were noticeable. ~kmong 
the sputum forms, variations in size, in capacity for cultivation, and in 
pathogenic activity have been observed. The differences between 
Sputum culture I, on the one hand, and Sputum cultures I I  to VII ,  on 
the other, are quite pronounced. In  spite of these variations, mam- 
malian tubercle bacilli may still be considered as forming a fairly 
compact group when compared with the tubercle bacilli of birds, 
which are but  slightly virulent towards the guinea-pig, so susceptible 
to the mammalian type.* 

In  regard to the bovine and the sputum varieties, I have, in a former 
paper, pointed out certain differences of behavior in the body which 
may be of considerable significance in explaining their divergent char- 
acters. In  an organism like the human body, manifesting a certain 
amount of resistance to the tubercle bacillus, the sputum type multi- 
plies only to a limited extent, unless it can produce dead tissue or gain 

* I have,  u n f o r t u n a t e l y ,  been  u n a b l e  to s t u d y  av ian  bacil l i  in  c o n n e c t i o n  
w i t h  t h e  ser ies  of t h i s  a r t i c l e ,  because  o p p o r t u n i t i e s  for  m a k i n g  c u l t u r e s  
f r o m  fowls  were  w a n t i n g .  T h e  s t u d y  of c u l t u r e s  of u n k n o w n  or indef in i te  
h i s t o r y  I have  no t  r e g a r d e d  as  l ikely  to yield t r u s t w o r t h y  evidence.  
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an exit upon mucous membranes secreting pathological products, 
where it seems to flourish as a saprophyte. Similar conditions are 
now and then observed in animals inoculated with human bacilli. 
Immense numbers of bacilli are occasionally found in necrotic loci, 
but very few in the surrounding zone of living tissue. In the many 
sections examined recently, the necrotic loci were the ones in which 
human bacilli were to be found, if detected at all. The bovine type dif- 
fers from the former in a far less saprophytic growth. In the pathologi- 

cal secretions and in the caseous masses the bacilli are relatively scarce. 
This difference may be a result of their adaptation to the bovine body, 
in which cavities of the lungs and catarrh of the air tubes are far less 
common. In other words, certain differences in the type of reaction 
tend in the one case to make the human bacillus more saprophytic, 
the bovine more parasitic. 

Coming to the more practical aspect of this subject, we may present, 
in view of the relationship betwee~ the bovine and the sputum 
variety of the tubercle bacillus, two propositions for discussion: 

]. The sputum bacillus is incapable of finding a foothold in the 
bovine body. 

2. The bovine bacillus may pass to the human subject, owing to 
its higher pathogenic power. 

The transmission of human tuberculosis to cattle has been experi- 
mentally essayed by Bollinger, Crookshank, Baumgarten, Sidney Martin, 
the writer and Frothingham. 

Bollinger * reported in 1894 an experiment performed in 1879. A 
calf three months old was inoculated into the peritoneal cavity with 
fluid from a tuberculous human lung. The calf was killed in 7 months. 
On the mesentery and the peritoneal covering of the spleen there were 
found pediculated tumors from the size of a pea to that of a walnut. 
The microscopic appearance corresponded completely with that of the 
spontaneous pearly disease of cattle. The retroperitoneal and mesenteric 
glands were tuberculous. All others were normal. The little drawing 
which Bollinger published with the article gives one the impression of 
smooth, roundish tumors similar to those I have described as resulting 
from the injection of Sputum cultures IV and VI. They have not the 

* Miinchener reed. Wochenschr., 1894, No. 5. 
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nodulated appearance presented by the spontaneous eruptions or those 
produced by bovine cultures. 

Crookshank * injected sputum containing numerous tubercle bacilli 
into the peritoneal cavity of a calf. The calf died after a prolonged ill- 
ness on the 42nd day. 

E x t e n s i v e  les ions  were  d iscovered  a t  the  pos t -mor t em examina t ion .  The  

m e s e n t e r y  w a s  a d h e r e n t  to the  r u m e n ;  the  l iver w a s  a d h e r e n t  to the  dia- 

p h r a g m .  T h e r e  w a s  ex t ens ive  t u b e r c u l a r  deposi t  a t  the  s e a t  of inocula t ion  

and  an  absce s s  the  size of a wa lnu t .  E x t e n d i n g  over  t he  m e s e n t e r y  f rom th i s  

point  t he re  we re  h u n d r e d s  of war t l ike ,  f leshy n e w  g rowths ,  some  qui te  irre- 

gu l a r  in form,  o the r s  spher ica l  or bu t ton-shaped .  T h e r e  were  s im i l a r  de- 

posi ts  on the  u n d e r  s u r f a c e  of the  liver, on the  spleen, in t he  gas t ro-sp len ic  

o m e n t u m  and  on the  per i toneal  su r f a c e  of the  d i a p h r a g m .  T h e  spleen w a s  

a d h e r e n t  to the  rumen ,  and  on d i s sec t ing  a w a y  t he  adhes ions ,  a n o t h e r  a b sc e s s  

was  opened.  On the  u n d e r  su r f a c e  of t he  l iver  w a s  a th i rd  abscess  a bou t  the  

size of one 's  fist, wh ich  bu r row e d  in the  deptl~ of the  l iver subs t ance .  

On microscopic  examina t ion ,  e x t r e me ly  m i n u t e  tuberc les  were  f o u n d  dis- 

s e m i n a t e d  t h r o u g h o u t  the  l ungs  a nd  liver. Tuberc le  bacilli  were  found  in 

these  o r g a n s  and  in the  per i toneal  deposits .  T h e  p u s  f rom the  l iver  absces s  

con ta ined  streptococci .  The  ca l f  died of pymmia ,  a r e su l t  to be an t i c ipa ted  

if s p u t u m  be e m p l o y e d  for  inoculat ion,  bu t  sufficient  t i m e  had  elapsed for 

p ronounced  local infec t ion  l ead ing  to acu te  mi l ia ry  tuberculos is .  

I quote this experiment more fully so that it may discredit itself as 
a means of deciding whether sputum can produce general miliary tuber- 
culosis in cattle. We know as yet too little of the influence of con- 
current infections to place any reliance upon the outcome of this experi- 
ment as a demonstration of the transmissibility of human bacilli to cattle. 

Baumgarten ~ briefly mentions an experiment in which human bacilli 
in cultures had but little local effect after intraocular inoculation upon a 
calf. Material from a bovine pearly nadule produced typical local and 
general miliary tuberculosis in another calf. 

Sidney Martin :~ fed one kilogram of tuberculous material from a cow 
to 4 calves at one meal with their food. Within ~ weeks tubercles were 
found in the Peyer's patches, mesenter,:c and bronchial glands and in 
the lungs of one animal. After 8 weeks, another calf presented the 
same lesions plus tuberculosis of the posterior mediastinal and the cer- 

Trans. Pathol. Soc., London ,  1891, 332. 
t Jahresbericht fo r  1891, footnote ,  666. 
:~ Repo r t  of t h e  Roya l  C o m m i s s i o n  on Tube rc u lo s i s ,  1895. Append ix ,  p. 18. 
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vical glands. The third calf, killed after 12 weeks, showed ulceration 
of the small intestine and cmcum and lesions of the pleura, besides those 
mentioned above. The fourth calf, killed after 37 weeks, had tubercu- 
losis of the pleura in addition to that  of the various lymph glands already 
mentioned. 

Four calves were fed at one meal wi~h 70 cc. of sputum containing a 
large number of tubercle bacilli. Three calves, killed after 4, 8 and 1~ 
weeks respectively, had 53, 63 and 13 nodules respectively in the small 
intestines, chiefly in Peyer's patches. In  the fourth calf, killed after 33 
weeks, no lesions were found. 

Two calves received at one feeding 440 cc. of sputum, contMning a 
large number of tubercle bacilli. In  one calf, killed in 8 weeks, 13 
tuberculous nodules were found in the intestine. The mesenteric glands 
were also affected. The other calf, killed in 19 weeks, was found without 
any lesions. 

The author infers from these experiments that " in the ease of tuber- 
cu]ous sputum we are dealing with material which is less infective to 
calves than bovine tuberculous material." 

Frothingham * carried out some experiments of a similar character for 
the Mass. Cattle Commission. A culture of human bacilli was used, 
isolated from the liver of a ch;,ld and about 1 year old. Two calves, 3 
months and 3 weeks old respectively, received suspensions of the culture 
into the peritoneal cavity. In  both only slight local nodules were pro- 
duced, some resembling spontaneous tubercle, others tending towards 
granulation tissue. Two calves, 3 weeks and 2 months old respectively, 
were inoculated into the trachea. In  one ease the large local abscess in 
the muscles of the neck indicated a deposit there of much of the ma- 
terial destined for the lungs. In  the liver and lungs a small number of 
minute tubercle% devoid of tubercle bacilli, were found. In  the other 
calf lesions were absent. Thus, in spite of the immature age of these 
animals, the hlbercle baeilh~s may be said to have had but a trifling 
local effect on them. The tests on guinea-pigs indicate a very attenuated 
culture. Three additional calves inoculated subcutaneously with spu- 
tum containing many tubercle bacilli showed lesions equally slight. 

The defect  of most of these tests is the absence of parallel experi- 

ments with bovine tubercle bacilli. Inasmuch  as we do not yet  

know anyth ing  concerning the relative resistance of cattle to tuber- 

* Report of Mass. Ca.tt]e Commission for 1897. See also Zeitschr. [. Th~er- 
med., 1897, 330. 
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culosis at different periods of life, nor the relative effect of cultiva- 

tion on the bacilli and of different modes of inoculation, such parallel 
experiments are quite essential. Of these few experiments, BoHing- 
er's is the only one which might be regarded as favoring the suscepti- 
bility of very young cattle to human bacilli. Even here the disease 
penetrated only to the mesenteric and retroperitoneal lymph glands. 

A summary of the inoculation experiments made by the writer 
upon cattle have already been given. Here we need simply to report 
the most salient features. These arc 

1. The purely local, restricted character of the lesions in cattle 
due to sputum bacilli. Lesions were not found beyond the place o~ 
deposit or in the lymphatic glands to which these are tributary, ex- 
cepting in one animal (Sputum V culture). In  this case we find a 
multiple tubercular focus measuring ~:n toto about 1 to 1.5 cm. in one 
of the dorsal mediastinal glands. This is the only affected gland 

found in the 5 cases. Considering the fact that the bacillus was one 
of the more attenuated, that on the other hand the animal was fully 4 
years old, I am strongly inclined to look upon this isolated instance 
of lymph gland infection as a latent infection with bovine bacilli which 
was probably favored by the depressing effects of the injecgon into 
a slight activity. I take this ground because of its isolated occurrence 
and the very typical bovine character of the lesions. It  is not unusual 
for such a slight lesion to be encountered in animals which have failed 
to react towards tuberculin, :for experimenters agree upon a margin 
of error of 5 to 10 per cent, the lesions found in such cases be ing  
usually quite insignificant. Had the culture used not shown a viru- 

lence not only not above but slightly below the average virulence of 
the other sputum bacilli, as tested on a rabbit and on guinea-pigs, the 
above inference could not be justly dr,~.wn. 

2. The atypical tSssue changes induced by the sputum bacilli which 
tended chiefly towards granulation tissue. Tubercle formation recog. 
nizable as such was uncommon. Besides the lymphatic focus cited 
above as of doubtful origin, tubercles approaching nearest the bovine 
type were encountered in the primary lung focus in the youngest 
animal (Sputum IV). 
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Some writers, including Bo]linger and Baumgart.en, are inclined to 
regard the pediculated masses produced on serous membranes by the 
inoculation of sputum or ol cultures (Sputum IV,  VI)  as something 
specific and as deciding positively the transmissibility of human bacilli 
to cattle. Leaving aside the abortive, atypical, microscopic structure 
of the pedieula~ed masses produced in the writer's series, and assum- 
ing that  the inoculation of young calves may furnish lesions o.f a 
more typical character, we may present anatomical and histological 
/acts which go far to show that  there is nothing charact.eristie or pecu- 
liar about them or about pearly disease in general. 

On the omentum and the pleura of cattle not tuberculous there may 
exist in many cases patches of delicate filamentous fringes, probably in 
all cases the result of some local inflammation. These fringes are micro- 
scopic in size and only visible to the naked eye when they are present 
in large numbers and congested. My attention was first called to them 
in the study of Texas fever. Owing to the congestion of the whole 
portal system, these fringes, massed together, appeared as red patches on 
the omentum. The microscope showed them to consist of a capillary 
encased in a sheath of delicate fibrillar tissue and the latter covered by 
the endothelium of the peritoneum. Recently I have demonstrated the 
same fringes in slightly raised, reddened patches of the costal pleura in 
otherwise healthy cattle. Here they are quite inconspicuous, but may 
be demonstrated by seizing the surface of the membrane with delicate 
forceps. Invisible threads hold the latter near the membrane. In the 
fresh condition their structure is like that of the fringes on the omentu.:~. 
In some I was unable to demonstrate a capillary. In all cases they con- 
sist of the wavy fibrillar tissue devoid of nuclei, but containing at times 
a few granule cells, recognized as acidophile leucocytes in stained 
sections. In sections, these fringes could be traced from their attach- 
ment to the serosa. The fibrillar tissue is directly continuous with the 
subserous layer of like tissue and the endothelial layer of the pleura is 
continuons over these fringes. The immediate union of fringes contain- 
ing a capillary with the pleura was. not demonstrated in the limited 
number of sections examined. Besides these of the simplest structure, 
others are seen in an active state of proliferation and infiltrated with 
lymphoid and acidophi]e leucocytes. 

These fringes or filaments, probably the result of traumatic and other 
inflammation, form an excellent place of attachment for the injected 
tnbercle bacilli. Here processes of epithelioid and giant-cell formation go 
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on rapidly when bovine bacilli ere present, whereas the sputum bacilli tend 
to lead only to granulation tissue, with slight abortive tubercle formation. 
These new formations, subject to pressure and friction, may undergo 
h~emorrhage, ansemic necrosis due to twisting of the pedicle, and subse- 
quent increase of the connective tissue stroma around the dead fringe. 
In this way those peculiar smooth nodes probably arise which are briefly 
described under the cases inoculated with Sputum cultures IV and Vf. 
I t  is, furthermore, evident from the inoculation experiments that, among 
other causes, the tubercle bacillus itself is one inducing the formation 
of granulation tissue. The highly vascular, velvety layers of granula- 
tion tissue carpeting the costal pleura in most of the cattle inoculated is 
a sufficient proof of the existence of this tendency. The pearly disease 
may thus be a product of at least two factors, the presence of this tissue 
as a result of former proliferation, and the inherent tendency of the 
serolm membranes of cattle to respond by the formation of these vascMar 
fringes to tubercles situated under the pleura and to bacilli discharged 
subsequently from such tubercles. But still other factors may be con- 
cerned. 

That a certain retarded movement of the disease process may produce 
pearly disease in other animals has been answered in the affirmative for 
rabbits by Troje and Tangl.* These authors inoculated subcutaneously 
bacilli from cultures and material from the tuberculous lungs of rabbits 
which had been intimately mixed with iodoform and kept in the dark in 
contact with it for one or two weeks. In two rabbits, from two separate 
experiments, chloroformed respectively 7 and 9 months after inoculation, 
pediculated tubercles of the serous membranes were found. Those not 
containing angular concrements, and therefore sectionable, were peculiar 
in the possession of a very large number of very large giant cells. 

These observations I am able to confirm by one case, the rabbit inocu- 
lated with the culture of Sputum VI. This rabbit was chloroformed 3½ 
months after the intravenous injection of tubercle bacilli. Its weight 
had risen from 1305 ¢o 2061 grins. The notes on this case are briefly as 
follows: 

Organs apparently  unaffected (brain and cord not examined),  excepting the 

liver, k idney  and lungs. The  liver contains a small  number  of 1 to 2 ram. 

centrally caseous foci. The k idneys  s h o w  a considerable number of grayish 

opaque 1 mm. tubercles. The lungs  collapse wel l .  They are everywhere  

beset  w i t h  translucent  bodies, seen w i t h  some difficulty, owing  to their g lassy  

* Deutsche m.ed. Wochenschri f t ,  1892, 191. 
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appearance .  Some have  a minute ,  point-like, opaque  centre.  In  the  smal l  

cephal ic  lobes the re  a re  l a rger  conf luent  pa tches ,  especial ly on the  marg ins ,  

of a pecul ia r  g r a y i s h - t r a n s l u c e n t  appearance .  Sect ions of ha rde ne d  t i s sue  

s h o w  the  d i s t inc t ly  epithelioid c ha r a c t e r  of the  t ube rcu l a r  changes ,  w i th  very  

few g ian t  cells. Necrosis  only in the  l a rges t  loci. Tuberc le  bacilli fa i r ly  

a b u n d a n t  in the  necrosed  centres ,  . e l sewhere  scarce. F r o m  the  ma rg ina l  

tuberc les  f inger-l ike prolongat ions ,  precisely like those  of the  bovine pleura,  

project  into the  p leura l  cavi ty .  The y  cons is t  ma in ly  of rap id ly  p ro l i fe ra t ing  

~onnec t ive - t i s sue  cells imbedded  in a very  del icately fibri l lar  me shw ork .  The  

basa l  port ion of the  f r inge  is pa r t ly  covered wi th  endo the l ium con t inuous  

wi th  t h a t  of the  p leura  and  con ta ins  a n u m b e r  of capi l lar ies  in ~ransverse  

sec t ion .  Similar  v a s c u l a r  f r i nges  appea r  on the  opposite m a r g i n  of the  s a m e  

section.  

I t  is not improbable that if this animal had been allowed to live as 
long as those of Troje and Tangl, tubercle bacilli would have found their 
way into these fringes and produced the so-called pearly disease. This 
rabbit was allowed to live longer than any other of the sputum series. We 
may thus assume that neoplasms of the pleura in rabbits may be looked 
for after the third month. These observations go far to show that the 
eruption of tubercles on the pleura is not so much an expression o f  
peculiarity on the part of the tubercle bacillus as it is an expression of 
a certain grade of virulence of the bacillus in an organism possessing a 
certain grade of resistance to it. To these conditions may possibly be 
added a pronounced tendency in certain animals towards production of 
granulation tissue of ~, certain type on serous membranes. 

Troje * has also described a rare case of pearly disease in man, affect- 
ing the pleura. Here, possibly, the previous existence of outgrowths 
like the fringes on the serous membranes of cattle may have been re- 
sponsible for the peculiar localization of the tubercle bacillus. 

Pu t t ing  all the facts obtained by experiments upon cattle together~ 

it would seem as though the sputum bacillus cannot gain lodgunent 

it., cattle thro~gh the ordinary channels. These avenues, well provided 

with protective mechanism% receive the bacilli probably one at a time. 

However  closely the sputum and the bovine bacillus may be related, 
it seems as if  under  ordinary circumstances the former would fall an 

easy prey to destruction. This inference will gain in weight if we 

bear  in mind that the far  more potent  bovine bacillus produces in at 

* Loe. eit. 
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least 50 per cen¢ of the spontaneously infected cattle a purely local 
disease, which probably would remain so if the animal were surrounded 
with favorable conditions. 

The second and most important proposition, the transmission of 
bovine bacilli to the human subject, has been much discussed in recent 
years, without, however, bringing us any nearer to definite knowledge. 

A recent compilation of cases of presumable transmission from cattle 
to man, both through wounds of the skin and through the digestive tract 
in milk, by Ravenel,* gives perhaps the most condensed account up to 
date. To these may be added a most interesting case reported by 
Coppez. t A girl 17 years old had a wound on the palmar aspect of the 
third finger between the 2nd and 3rd phalanx, which became infected 
with tubercle bacilli during milking. The original lesions gave rise, 
within 6 months, to over 35 subcutaneous abscesses situated in different 
parts of the body. There were two on the right hand, four on the elbow, 
two on the shoulder-blade, several on the right cheek, two on the left 
palm, one on the back of the neck, a dozen on the buttocks and thighs, 
four on the left leg, three on the sole of one foot and one on the big toe. 
Most of these were curetted, and iodoform applied 6 months after the 
beginning of the disease. Subsequently more appeared, in all from 60 
to 66. The author describes the appearance of these loci as follows: 

At a certain point, always in the neighborhood of a pre-existing focus, 
a thickening of the subcutaneous tissue appeared, associated with in- 
creased heat of the skin and pain on pressure. The heat soon disap- 
peared, and a fluctuating livid tumor opened itself and discharged pus 
and later a yellowish serum. These various abscesses healed slowly, and 
within a year all had disappeared. At no time could any visceral lesions 
be recognized, but one eye became involved. The nature of the affection 
was demonstrated by inserting some pus from an abscess into the eye 
of a rabbit. There was but slight reaction at first. Subsequently the 
whole eye became diseased, the lymph nodes of the neck being greatly 
enlarged. After several months death ensued.$ 

* Journal of Compar. MedioSne and Vet. Archives, December ,  1897. 
t Un cas de tubercu lose  cutan~e et  oculaire  sans  man i f e s t a t i ons  visc~rales, 

Rev. g~n. d'ophthalm., xv (1896), 433. 
:~ In  an ar t ic le  w r i t t e n  ju s t  before  the  discovery of t he  tuberc le  bacil lus,  

Cre lgh ton  (Bovine tubercu los i s  in man,  Journ. Anat. and Phys$ology, xv  (1880), 
1-177) descr ibes  12 cases,  fo l lowing one a n o t h e r  qu i te  closely in t he  same 
hospi ta l ,  wh ich  he considers  to  be afflicted w i t h  the  bovine disease. This  
type  of tubercu los i s  was  cha rac te r i zed  by  e rup t ions  on t h e  serous  mere-  

34 
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I f  bovine bacilli may invade the human body without let or hin- 
drance, we have not only food infection through milk and milk pro- 
dllcts to guard against, but also the inhalation disease to which men 
are exposed in stables containing tuberculous cattle. ~rhat propor- 
t-ion of tuberculous subjects may derive their infection from these 
sources we do not know. N,)w that we have established some fairly 
pronounced differences between bovine and sputum bacilli, the whole 
discussion might be cut short by the suggestion that the time has come 
to stop citing old and doubtful c~ses and to go to work to study with 
care the tubercle bacilli from cases of supposed animal origin, so that 
some experimental, trustworthy basis may be formed upon which to 
found statistics. While this is in truth what will have to be done 
and is the goal which has been aimed at from the outset in this tedious 
work, it will take much time and persistent attention to collect e~4- 
denee of this kind. In the meantime the relation of bovine to human 
tuberculosis must be somehow defined before a fairly helpless and 
frightened public. I t  seems to me that, accepting the clinical evi- 
dence on hand, bovine tuberculosis may be transmitted to children 
when the body is overpowered by large numbers of bacilli, as in udder 
tuberculosis, or when certain unknown favorable conditions exist.* 
To prevent this from occurring, a rigid, periodic dairy inspection and 
the removal of all suspicious udder affections and all emaciated animals 
is as much as public health authorities can at present demand. Any 
measures beyond these belong to agriculture, with which the public 
health has no business to meddle, without endangering the chances o~ 

branes ,  large,  g r a y i s h - w h i t e  medu l l a ry  t u mo r s  in  the  lungs,  f r equen t ly  as- 
suming  the  fo rm of a wedge,  and by ce r ta in  microscopic  pecul iar i t ies .  
These  cases may  have been  due to some o the r  o rgan ism.  Quite recen t ly  
Askanazy  (Ueber  t u m o r a r t i g e s  A u f t r e t e n  der  Tuberkulose ,  Zeitschr. f. kl~r~. 
Med., xxxii  (1897), 360), besides giving a. good bib l iography,  ci tes 2 cases in 
ful l  in which  the  pecul iar  type  of disease leads h im to  sugges t  t h e i r  re la t ion 
to  pear ly  disease  in cat t le .  These ar t ic les  s imply impress  upon the  r eade r  
t h a t  the  t r u e  i n t e r p r e t a t i o n  of such cases will  r ema in  obscure  un t i l  the  
etiological  agen t  has  been studied.  The var iab le  c h a r a c t e r  of the  t i ssue  
reac t ion  to t he  tube rc le  bacillus, according  to the  species, deprives the  pa tho-  
logical s tudy,  t aken  Mone, of any decisive value. 

* P r o b a b l y  much  the  same as in glanders .  The n u m b e r  of g l andercd  
horses  in ce r t a in  places is out of all p ropor t ion  to the  cases in men  who are 
cont inual ly  handling,  and c lean ing  them.  
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gaining authority to enforce its own necessary measures. I f  the evi, 
deuce gained by pathology in the future should reveal a greater danger 
than is here assumed, the scientific basis of such evidence will, I think, 
force all additional measures needed. 

But for the student of etiology the problem does not end in the 
differentiation of varieties. I t  reaches out much farther than this 
and involves some puzzling questions. The most important one bears 
on the possible changes which the tubercle bacillus may undergo dur- 
ing its prolonged sojourn in the human body. I have already referred 
to one phase of this question in  mentioning the saprophytic growth of 
the sputum bacillus in the affected lungs and necrotic tissue, as con- 
trasted with its slight multiplication in living tissue and with the 
generally slight multiplication of the bovine bacillus in the tissue of 
cattle. This question is a very complicated one, and nothing is easier 
than to reason in a circle about it, because of the entire absence of data. 
The first hypothesis to be eonsi~tered is that which assumes the con- 
version of the bovine bacillus into the sputum bacillus in the human 
body. This hypothesis would deny us all possibility of utilizing dif- 
ferent characters of tubercle bacilli in tracing their source. I f  the 
bovine variety may enter into the digestive tract as such, and after a: 
more or less prolonged interval emerge from the secondarily affected 
hmgs as the sputum variety, we may as well give up all further study 
of the tubercle bacillus. The accumulated evidence of bacteriology i s 
opposed to this view. Nevertheless, it has been umvittingly assumed 
by Klebs, in considering intestinal infection with the bovine bacillus, 
as a common cause o.f tuberculosis. ¢ As a support of the view that 
tubercle bacilli change but very slowly, I may again mention the 
inoculation test upor~ a rabbit of Bovine culture I. About three years 
after the first test, the second test resulted in only a very slight pro- 
longation of the disease. The first rabbit succumbed in 17, the second 
in 2~ days, It  was thus after 3 years of artificial growth still far 
above sputum bacilli in pathogenic power. 

The question of phthisis as secondary to infection by way of the 
digestive organs is, however, one needing more attention, for experi- 

~÷ Die k a u s a l e  B e h a n d l u n g  de r  T u b e r k u l o s e ,  1894, p. 34. 



508 Study of Bovi~e and Human Bacilli from Sputum 

m e n t a l  r esu l t s  in  th is  d i r ec t ion  are  qu i te  sugges t ive .  I n  al l  m a m m a l s  

the  l u n g s  a re  e M d e n t l y  the  most  f a v o r e d  p lace  of  t u b e r c l e  baci l l i ,  

and  w h e r e v e r  the  l a t t e r  m a y  be depos i ted ,  t h e y  sooner  or  l a te r ,  unless  

the  disease is checked,  r each  t ha t  organ ,  where  the  process  spreads  

m o r e  r a p i d l y  t h a n  e lsewhere .  Th is  m a r c h  f r o m  the  p lace  o.f i n fec t ion  

is no t  i n f r e q u e n t l y  p a r t i a l l y  concea led  b y  r e p a r a t i v e  processes.  A 

recen t  case in  p o i n t  is t ha t  of  a gu ine a -p ig  i nocu la t ed  w i th  a c u l t u r e  

of  S p u t u m  V I :  

Aug. 29, 1897. Male guinea-pig, weighs 420 grams. Receives subcutane- 
ously in the flank 0.5 cc. of a clouded suspension of tubercle bacilli (Sputum 
VI) 9 days old. 

Nov. 8. Breathing now labored; has been active since inoculation. 
Nov. 11. Respiration labored and almost convulsive; hence chloroformed; 

weight 431 grams. 
No ulcer at  point of inoculation. 
Kneefold glands of this side as large as peas, yellowish in color, consisting 

of a thin-walled sac and homogeneous contents, resembling thick cream. 
Kneefold glands of opposite side moderately enlarged, but without necrotic 
changes. The pelvic, renal, retrogastric and mesenteric glands enlarged 
slightly, but without necroses. Spleen small, shows grayish specks dissemin- 
ated through it. Liver and kidneys appear normal. Two small tubercles on 
left testicle. 

Lungs do not collapse. They feel firm everywhere. On section most of 
the lung tissue is consolidated, of a grayish-white color. No fluid expressible 
from air tubes. In sections of the lungs, the infiltration consists chiefly of 
epithelioid cells with smaller, more deeply stained nuclei intermingled or in 
patches. No necrosis. The liver was, through an oversight, not preserved. 
The spleen shows in each follicle a rarefied area occupied by epithelioid cells 
and a few tubercle bacilli. No necrosis. 

I n  th is  suscep t ib le  a n i m a l  the  on ly  lesions t h r e a t e n i n g  l i fe  or  even 

conspicuous  were  those  in  the  lungs .  Those  in  t he  sp leen  were  s l ight ,  

poss ib ly  s t a t iona ry .  T h e  d i s i n t e g ra t e d  superf ic ia l  g l ands  m i g h t  have  

d i s cha rged  o u t w a r d l y  l a t e r  on and  hea led .  Th i s  is b u t  one of  a 

n u m b e r  of  cases I have  obse rved  in  t he  pas t  10 yea r s  in  w h i c h  t h e r e  

was p rogress ion  in  t he  lungs  M t h  a lmos t  c o m p l e t e  des t ruc t ion  of  t h e  
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organ and retrogression elsewhere, showing itself in the liver by 
shrinking and furrowing of the organ.* 

~Tith the two facts before us that tubercle bacilli gravitate, as it 
were, towards the lungs in all the susceptible mammals, and that they 
may conceal their movements in the body quite effectually, we must 
regard infection through the digestive tract as a source of phthisis at 
least deserving more attention. The only question to interest us 
here is the relation of the bovine bacillus to this process. Only much 
painstaking work will enable us to learn whether the human body 
can produce such a great modification of the bovine bacillus or not. 

Another more acceptable hypothesis concerning changes in the tu- 
bercle bacillus would assume a slow, continuous modification which in 
the past has developed the sputum variety on the one hand and the 
bovine variety on the other. The future may enable us to establish 
not only other varieties linked to certain animal species, but also 
varieties which produce slightly different forms of disease in man 
himself, t The saprophytic life of the sputum bacillus in phthisis may 
be the cause of a very slow downward descent of its invasive power, 
which in the course of one or more generations may become percep- 
tible both to the bacteriologist and to the clinician, and express itself 
to the statisGcian in the gradually falling curve of tuberculosis, as 
shown by the vital statistics of the past 40 years.:~ 

The outcome of such slow changes would lead to the establishment 
of numerous minor varieties because of the great opportunity which 
tubercle bacilli have in our congested, abnormal city life of selecting 
their  variously predisposed victims. Thus the more attenuated varie- 
ties may find their invasion obstructed in the more vigorous, but not 

* This  genera l i za t ion  has  been  r ecen t ly  emphas ized  by Speng le r  (Ztsvhr. 7. 
Hygiene, xxvi  (1897), 321) as follows: The r e t a r d e d  course  of an  inocula t ion  
tubercu los i s  expresses  i t se l f  w i t h o u t  except ion  in  a (g rea t e r )  p rominence  
of t he  lung  disease w i t h  s imul taneous  r e t a r d a t i o n  of the  l iver and  spleen 
affection.  

Recen t ly  I have been  able to  s tudy  cu l tu res  of tube rc le  bacil l i  f rom a 
rap id ly  p rogress ive  tube rcu lous  g land  of t h e  neck  in an  adul t .  These  ba- 
cilli a re  s l igh t ly  less v i ru len t  t h a n  the  s p u t u m bacil l i  descr ibed.  

S. W. Abbo t t .  The Vita l  Sta t i s t ics  of Massachuse t t s .  Rep. of t h e  Sta te  
Board  of Hea l th  fo r  1896, p. 787-8. 
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in children or certain predisposed individuals. I t  is needless for me 
to illustrate these possibilities still farther. They have their parallels 
in nature all about us. Only one practical suggestion may be made, 
in view of the probable discovery of minor varieties of human bacilli. 
Tuberculous patients should not be indiscriminately exposed to other 
tuberculous patients simply because both are affected with a disease 
which bears the same name.* 

A more exhaustive experimental study of the tubercle bacillus away 
from the many variable factors acting upon the human body, which 
will lead to a better standardizing of virulence or invasive power, may 
help these speculations to find some substantial basis. That much is 
still to be learned concerning the etiology is evident from the want of 
unanimity as regards the channels of infection. The views of Koch 
and his fNlowers of the transmission of the infeetio.n in dust and 
spray would tend to favor the hypothesis of gradual attenuation and 
of the production of minor varieties. Baumgarten's hypothesis o~ the 

transmission of the tubercle bacillus from parent to child before birth 
implies the transmission of tubercle bacilli either in a continual strug- 
gle with living tissue or else remaining in situations where the bacilli 
cannot multiply, and hence where a tendency to loss of invasive power 
by saprophytic growth is impossible. The occasional entrance of 
bovine bacilli into the human body might, open the way for the intro- 
duction of a virus of a higher level, previded opportunity for subse- 
quent transmission be afforded. 

* A b e g i n n i n g  in t h i s  c o m p a r a t i v e  s t u d y  of d i f fe ren t  cl inical  t ype s  of 
t ube rcu lo s i s  ha s  been  made.  by  A ue l a i r  (A.rc/~. de m~g. exp. (1897), ix, 1124). 
Th i s  ar t ic le ,  w h i c h  came  to m y  not ice  a f t e r  the  comple t ion  of t h i s  m a n u -  
scr ip t ,  descr ibes  4 cu l tu res ,  one f r o m  a r ap id ly  p rog re s s ive  t u b e r c u l o s i s  of a 
g l and  of t he  neck,  one f r o m  a s low p h t h i s i s ,  one f r o m  a n  a c u t e  m e n i n g i t i s  
and  one f r o m  t r u e  scrofu la .  On g u i n e a - p i g s  the  i n t r a - a h d o m i n a l  inocula-  
t i on  of t he se  c u l t u r e s  h a d  n e a r l y  t he  s a me  effect.  H e n c e  t he  a u t h o r  did no t  
h e s i t a t e  to r e g a r d  t h e m  as  iden t i ca l  in p a t h o g e n i c  power ,  in  oppos i t ion  to 
t he  views of Ar lo ing ,  who  cons ide r s  t he  bacil l i  of p h t h i s i s  a n d  t hose  of t he  
su rg i ca l  f o r m s  of t u b e r c u l o s i s  of d i f f e ren t  v i ru lence .  Auc la i r  did no t  inocu- 
la te  rabb i t s ,  in  sp i te  of t he  f ac t  t h a t  A r lo ing  r e g a r d e d  t h e m  as t h e  bes t  
m e a n s  of d i f f e r e n t i a t i n g  t he  bacil l i  of t he  d i f fe ren t  f o r m s  of t ube rcu los i s .  
My own r e s u l t s  show t h a t  if t he  i n t r a - a b d o m i n a l  i noc u l a t i on  of g u i n e a - p i g s  
is  the  on ly  t e s t  made ,  p r ac t i c a l l y  no d i f fe rences  w o r t h  c o n s i d e r i n g  would  
a p p e a r  be tween  bovine and  s p u t u m  bacilli,  as  r e g a r d s  p a t h o g e n i c  power .  
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If  in this brief summary I have presented nothing but problems to 
be solved and doubts to be entertained, I feel quite confident that the 
comparative study of tubercle bacilli will lead to some definite under- 
standing on certain important questions, and eventually to more light 
on the whole subject of tuberculosis from the preventive as well as 
the therapeutic side. 

The main questions proposing themselves to the investigator are: 
1. The study of tubercle bacilli from different types of tuberculosis 

to determine their relation to the sputum bacillus and the bovine 
bacillus as regards virulence. 

2. The study of the bacilli in primary intestinal disease and in all 
tubercular disease in children in which the source of infection is 
assumed to be outside of the -family and possibly in  the milk. 

In  attacking these problems the investigator should either keep 
strictly to the methods suggested in this article, if he wishes to use 
its results as a basts, or else, ;n all cases in which the bovine bacillus 
or one o~ abnormal virulence is suspected, he should study fresh cul- 
tures of the sputum bacillus side by side with the other. 


